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ATLANTIC-PACIFIC INTEROCEANIC CANAL STUDY COMMISSION
716 JACKSON PLACE. N.W.
WASHINCTON. D.C. 20500

. December 1, 1970

The President
The White House J91J

Washington, D. C.

Dear Mr. President:

We have the honor to submit herewith the final report of the Atlantic-
Pacific Interoceanic Canal Study Commission as required by Public Law
88-609, 88th Congress, as amended.

One provision of the law required us to determine the practicability
of nuclear canal excavation. Unfortunately, neither the technical
feasib.lity nor the international acceptability of such an application of
nuclear excavation technology has been established at this date. It is not
possible to foresee the future progress of the technology or to determine
when international agreements can be effectuated that would permit its use
in the construction of an interoceanic canal. Hence, although we are
confident that someday nuclear explosions will be used in a wide variety
of massive earth-moving projects, no current decision on United States
canal policy should be made in the expectation that nuclear excavation
technology will be available for canal construction.

The construction of a sea-level canal by conventional means is
physically feasible. The most suitable site for such a canal is on Route 10
in the Republic of Panama. Its construction cost would be approximately
$2.88 billion at 1970 price levels. Amortization of this cost from toll
revLlues may or may not be possible, depending on the growth in traffic,
the time when the canal becomes operative, the interest rate on the
indebtedness, and payments to the host country. We believe that the
potential national defense and foreign policy benefits to the United States,
justify acceptance of a substantial financia' risk.

As .L first step, we urge that the United States negotiate with Panama
a treaty that provides for a unified canal system, comprising both the
existing canal and a sea-level canal on Route 10, to be operated and
defended under the effective control of the United States with participation
by Pararia.

if suitable treaty arrangements are negotiated and ratified and if the
requisite funds can then be made available, we recommend that construction
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of a sea-level canal be initiated on Route 10 no later than 15 years in
advance of the probable date when traffic through the present canal w-1l
reach its transit capacity. Current trends indicate that this will be near
the end of this century; the specific year can be projected with increasing
confidence as it draws nearer.

We recognize, however, that the President of the United States and
the Congress will continue to face many serious fundinq problems and
must establish the relative priorities of the aquirements for defense,
welfare, pollution, civil rights, crime, and other problems in social
undertakings then existing.

We specifically recommend that, when the rights and obligations
of the United States under new treaties with Panama are determined, the
President reevaluate the need and desirability for additional canal
capacity in the light of canal traffic and other developments subsequent
to 1970, and take such further steps in planning the construction of a
sea-level canal on Route 10 as are then deemed appropriate.

Respectfully,

Robert G. Storey yMilton S. Etsenhower

Kenneth E. Fields Raymond A. Hill

Robr BAneson, Chairman



CONTENTS

Page

Chapter I - INTRODUCTION ........................................... I

Chapter II - ,STHMIAN CANAL INTERESTS OF THE UNITED
STATES AND OTHER NATIONS ..................................... 7

Chapter III - POTENTIAL CANAL TRAFFIC AND REVENUES ................ 17

Chapter IV - EXCAVATION BY NUCLEAR METHODS ...................... 33

Chapter V - GENERAL CRITERIA ....................................... 47

Chapter VI - ENVIRONMENTAL CONSIDERATIONS ....................... 59

Chapter VII - ANALYSIS OF ALTERNATIVES ............................. 63

Chapter VIII - FINANCIAL FEASIBILITY ................................. 89

Chapter IX -- MANAGEMENT OF SEA-LEVEL CANAL CON-
SI RUCTION AND OPERATION ..................................... 101

Chapter X - CONCLUSIONS AND RECOMMENDATIONS ................... 105

Enclosure 1 - Commission Authorizing Legislation ......................... 113
Enclosure 2 - Report by the Technical Associates for Geology,

Slope Stability, and Foundations .................................... 117
Enclosure 3 - Atomic Energy Commission Views )n Develop-

ment of Nuclear Excavation Technology ................................ 127

ANNEXES

ANNEX I - STUDY OF FOREIGN POLICY CONSIDERATIONS
ANNEX II - STUDY OF NATIONAL DEFENSE ASPECTS
ANNEX III - STUDY OF CANAL FINANCE
ANNEX IV - STUDY OF INTEROCEANIC AND 1NI'ERCOASTAL SVIPPING
ANNEX V - STUDY OF ENGINEERING FEASIBILITY



List of Tables

Table Page

I Canal Routes Selected for Commission Investigation ....................... 5
2 Panama Canal Users, Fiscal Y,.. `61. ................................... 15
3 Commercial Ocean Transits of an Isthmian Canal

Relative to Commern al Ocean Cargo in Year ........................... 20
4 Growth of Panama Canal Traffic ....................................... 22
5 Influence of Japan Trade ............................................. 22
6 Cargo Tonnage Forecasts for an Unrestricted

Isthmnian Canal .......................... ....................... 23
7 Average DWT Projections ............................................ 25
8 Projected Sea-Level Canal Transits ................................... 26
9 Estimated Sea-Level Canal Revenue Reixtive to

Total Cargo Tonnage ............ .................................. 29
10 Foi ecasts of Sea-Level Canal Revenues .................................. 29
11 Forecast Proportions of Super Ships in the World Fleet ..................... 47
12 Maximum Numbers of Ships in Convoys wi'h Tidal

Checks in U se ................................................... 52
13 Single-Lane Channel Dimensions for Safe Navigation

of 150,000 DWT Ships ............................................ 53
14 Recommended Side Slopes of Excavations for

Different Materials and Heights ...................................... 57
15 Route 15 Data Estim ates ............................ ................ 77
16 Route 14S Data Estim ates ........... ................................ 81
17 Route 10 Data Estim ates ............ ................................ 85
18 Forecasts of Sea-Level Canal Revenues .................................. 89
19 Average Toll Revenues Per Long Ton of Cargo Required for

Amortization of Capi•nl Cost in 60 Years ..................... ........ 93
20 Estimated Peak Debt at 6 Per Cent for Construction

of Sea-Ievel Canal on Route 10 Opcrated in
Conjunction with the Panama Canal ......... ........................ 98

List of Figures

I C anal R outes ................. ................................... vi
2 Interoceanic Canal Routes (1947 Study) ................................ 3
3 Culebra Cut Excavation, June 1913 ................................... 8
4 United States Navy Aircraft Carrier, CONSTELLATION ................... 10
5 Canal Zone Town of Balboa ......................................... 13
6 Comparison of Previous Panama Canal 'raffic Forecasts and

Panama Canal Actual Total Cargo Tonnage Experience ................... 18



List of Figures (Cont'd)

Figure Page

7 Projected Panama Canal Commercial and Bypass
Traffic, Long Tons of Cargo (Economic Research
A ssociates) .................................................... 19

8 Cargo Tonnage Forecasts for a Non-Restricted
Isthmnian Canal ................................................. 24

9 Isthmian Canal Transits Based on Potential
Tonnage Forecast ............................................... 27

10 SEDAN Crater ................ ................................... 34
11 BUGGY I Crater .................................................. 35
12 Helicopter Lifting a Drilling Mast on Route 17 ........................... 36
13 Route 17 Centerline Trail ........... ............................... 38
14 Base Camp, Route 17 .............................................. 39
15 Drilling for Subsurface Geological Data ................................ 41

16 Experimental Channel, Fort Peck, Montana ............................. 42
17 Sevwn Day Tide Record ............................................. 49
18 Tugs Assistiing Sh'p in the Panama Canal ................................ 50
19 Scale Model T'est, Naval Ship Research and

Developm ent Center ............................................. 51
20 Artist's Sketch of Tidal Check ..................................... ... 52
21 Tidal Check Operatioil, Single-Lane Canal ............................... 54
22 Tidal Check Operation, Canal with Centei Bypass ......................... 55
23 Earth Slide ;,n the Gaillard Cut, October 1915 ............................ 58
24 The Canal Zone ................................................... 64
15 Gatun Locks at the Caribbean end. o* the Panama Canal .................... 65
26 Widening the Panama Canal Channei ............................ ...... 65
27 Miraflores Locks .............. .................................. 66
28 The Panama Canal at Night .......................................... 66
29 Lock Canal %'.oute 5, Sea-Level Canal Route 8 .......................... 68
30 Sea-Level Canal Routes 17, 23, and 25 ................................. 69
31 Line Camp where Route 17 Crosses the Continental

Divide ..................................................... 70
32 Sea-Levy Canal Route 25 ..... ..................................... 71
33 Pio Sucio on the Atrato River ........................................ 72
34 Route 25 Channel Configurations ..................................... 73
35 Alto Curiche Weather Station, Route 25 ........ ....... ................ 74
36 Deep Draft 'Lock Canal ................................ ............ 76
37 Sea-Level Canal Route 14 ........................................... 79
38 Route 14S Channel Configurations ................................... 80
39 Sea-Level Canal Route 10 ........................................... 83
40 Route 10 Ch nnel Configurations ..................................... 84
41 Farmland on Southern Portiu,- of Route 10 ............................. 87



List of Figures (Cont'd)

Figure Page

42a Tolls Versus Opening Dates, Potential Tonnage
Projection ..................................................... 95

42b Tolls Versus Opening Dates, Low Tonnage
Projection ........................................ ............ 95

43a Sensitivity of Tolls to Project Cost, Potential
Tonnage Projection ............................................ 96

43b Sensitivity of Tolls to Project Cost, Low Tonnage
Projection ............................................. ....... 97

44 Average Tolls Required for Amortization of a
Route 10 Canal ................................................. 100

I

iv



THE ATLANTIC-PAC'FIC INTEROCEANIC CANAL STUDY COMMISSION:

Raymond A. Robert G. Robert B. M;1ton S. Kenneth E.
Hill Sto~rty Anderson Eisenhower Fields

Vice Chin. Chairman

COMMISSION EXECUTIVES

Executive Director - John P. Sheffey

Engineering Agents - Brigadier General Harry G. Woodbury, U.S. Army
(June 24, 1965 to June 18, 1967)

Brigadier General Charles C. Noble, U.S. Army
(June 19, 1967 to January 26, 1969)

- Brigadier General Richard H. Groves, U.S. Army
(January 27, 1969 to the present)

Secretary - Edward W. McGregor



z z

z Lz
Lij lz

z

D ,- -11q1>

vii



REPORT OF THE
ATLANTIC-PACIFIC INTEROCEANIC CANAL

STUDY COMMISSION

CHAiPTER I

!NTRODUCTION

The Atlantic-Pacific Interoceanic Canal Study Commission was required by Public Law
8S-609 of the 88th Congress, September 22, 1964, (Enclosure I) ". to make a full aid4
complete investigation and study, including necessary on-site surveys, and consid.cring
national defense, foreign relations, intercoastal shipping, interoceanic shipping, and such
other matters as they may determine to be important, for the purpose of determining the
feasibility of, and the most suitable site for, the construction of a sea-level canal connecting
the Atlantic and Pacific O,;eans; the best means of constructing such a c:,nal, whether by
conventional or nuclear excavation, and the estimated cost thereof." The Commission
interpreted its mission also to require, for the purpose of comparison, an evaluation of the
merits of improving and augmenting the existing Panama Canal to accommodate forecast
traffic.

On December 18, 1964, President Lyndon B. Johnson announced the willingness of the
United States to negotiat,' with the Republic of Panama a new treaty to replace the Treaty
of 1903. At the same time he stated that the United States would request rights to conduct
on-site invectigations of potential sea-level canal routes not oniy in Panama but also in
Colombia, Nicaragua, and Costa Rica. The President said:

"For fiftyyears the Panama Canal has carried ships of all n.tions in peaceful
trade between the two r-•at oceans - on terms of entire equality and at no profit
to this country. The Canal has also served the cause of peace and freedom in two
world wars. It has brought great economic c, itributions to Panama. For the rest
of its life the Canal will continue to serve trade, and peace, and the people of
Panama.

But that life it now limited. The Canal is growing old, and so are the Treaties
for its management, which go back to 1903.

So I think it is time to plan in earnest for a sea-level canal. Such ;i canal vili be
more modern, more econormical, and will be far easier to defend. It will be fre., of
complex, costly, vulnerable locks and sea-ways. It will serve the future as the
Panama Canal we know tias sered the past and the present."

When President Richard M. Nixon took office in January 1969, he retained the
originally appointed Commission and requested it to continue the investigation to itS.i
completion.

The Commission has beln guided in its investigation by numerous earlier canal studies.
The most recent of thes.% wre:

The 1947 study conducted hy the Governor of the Panama Canal.
The 1960 study by the House Cýmmittc.. on Merchant Marine and Fisheries.
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- The 1960 and 1964 studies by the Panama Canal Company.
These earlier studies eval'iated all potential canal routes across Central America and thus
enabled the Commission to concentrate its efforts on the most promising ones.

Canal Treaties
The Commission has had no rokt in the treaty negol:iations with Panama conducted by

its Chairman, Robert B. Anderson, in his separate capacity as Special Representative of the
United States for United States-Panama Relations.

The Commission assumed at the outset of its studies ii,at construction of any sea-level
canal would require new treaty arrangements between the United States and the host
country. Existing treaties with Panama and Nicaragua do not provide authority for
construction of a sea-level canal in either country, and no existing treaties provide the
United States canal rights in Costa Rica or Colombia. In addition, no treaty in force
provides for multinational participation in canal finance or management.

During the first 2 years of the Commission's investigation, treaty negotiations with
the Republic of Panama were in p;ogress. In June 1967, the negotiators reached agreement
on arafts of three new treaties to replace the Treaty of 1903 - one for the continued
operation of the existing canal, another for United States rights to build and operate a
sea-level canal in Panama, and a third for canal defense. However, neither Government
initiated ratification procedures thereafter, and in 1970 the Government of Panama
announced its rejection of the draft treaties. In both countries new administrations have
replaced those in office when the draft treaties were developed. The drafts have no legal
status; they represent only the U.Wited States and Panamanian negotiators' judgments in
1967 of what might have been acceptable to their respective Governments at that time.
However, the Co-mmission has been mindful of relevant provisions of the draft treaties in its
consideration of possible future tre.aty arrangements that would bear upon the feasibility of
a sea-level canal in Panama.

Selection of Alternatives for Evaluation
In October 1962, the Secretary of the Army formed a Technical Steering Committee to

ii,:view prior studies and to develop a new canal study plan for presentation to the Congress.
The sea-level cana! routes recommended in this plan were selected from those found most
promising in the 1947 stidy conducted by the Governor of the Panama Canal which
identified 30 potential routes and assigncg •hem numbers that have been used in all
subsequent studies (Figure 2). Those recommended for investigation in the plan proposed to
the Congress by the Secretary of the Army, with consideration of the potetitial of nucieca
excavation, were

- Route 8 in Nicaragua and Costa Rica for a sea-level canai constructed primarily by
nuclear excavation.

- Route 14 in the Canal Zone for conversion of the present lock canal to sea level by
conventional construction methods.

- Route 17 in Panama for a sei-level canal :onstructeu primarily by nuclear
excavation.

- Route 25 in Colombia for a sea-level canal constructed by a .ombination of nuclear
and conventional excavation methods.
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The Congress authorized the new canal study on September 22, 1964. The original
legislation contemplated investigation of these four routes and authorized funds for field
surveys only of Routes 17 and 25. Data available from previous studies were believed to be
adequate for evaluations of Routes 8 and 14.

When the Commission was appointed in April 1965, it requested the Secretary of State,
the Secretary of the Army, and the Chairman of the Atomic Energy Commission to serve as
its Advisory Council. Interdepartmental study groups were then organized to conduct
studies under the Commission's direction as follows:

Study of Freign Policy Considerations
- Study of National Defense Aspects.

Study of Canal Finance.
- Study of Interoceanic and Intercoasta! Shipping.
- Study of Engineering Feasibility (directed by the Chief of Engineers, United States

Army, in coordination with the Atomic Energy Commission and the Panama Canal
Company).

- Study of Public Information Requirements
(subsequently combined with the Study of Foreign Policy Considerations).

The study groups included representation from all government agencies with significant
interests in an Isthmrmai canal. They also used private conmtract agencies for supporting
technical studies.

The Commission employed a panel of eminent private consultants which it
designated as its Technic,. Associates for Geology, Slope Stability, and Foundations. These
specialists provided technical advice directly to the Commission on engineering matters and
were also made available to the Commission's Engineering Agent to advise and assist him in
the conduct of the Study of Engineering Feasibility.

At the outset of its studies, the Commission approved investigation of the four routes
recomm.mded to the Congress by the Secretai-y of the Army. A few months later the
Commission directed its Engineering Agent to update earlier cost estimates for improve-
ments to the existhng lock canal and for construction of a new lock canal in Nicaragua; these
estimates were needtad to permit comparisons with the alternative sea-level canals in terms of
capacities and construction, operation, and maintenance costs.

As the engineering study of Route 14 progressed it became appa•mnt that an alternate
route nearK,,, one that did not interfere with the existing canal, might be preferable.
Consequently, in June 1966 Route 10 was added to the routes under consideration. The
Congress subsequently provided additionar funds for a limited field investigation of this
route.

As the geelogical drilling piogi-am on Route 17 progressed, it became apparent that there
was little possibility that nuc!ear means could be used for excavation of approximately
one-third of the route. Hence, the plan for evaluation of this route was revised late in 1967
to provide for excavation of approximately 20 miles of its length by conventional methods.

In 1969 the Government of Colombia informally proposed a joint U.S.-Colombian-

Panamanian investigation of Route 23. The Commission advised Colombian representatives
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that the route did not appear to be competitive with routes already tinder consideration but
agreed to include in its final report an analysis of it based upon available data.

ILable I lists all the routes given specific consideration in the course of the
Corprrission's investigation. A detailed discussion of the selection of these routes is
contained in Annex V, Study of Engineering Feasibility.

TABLE 1

CANAL ROUTES SELECTED FOR COMMISSION INVESTIGATION

Type of Canal/
Route No. Route Name Country Excavation Method Basis of Evaluation

5 San Juan del Nicaragua and Lock/Conventional Available data
Norte-Brito Costa Rica

8 San Juan del Nicaragua and Sea-Level/Conventional Avail3ble data
Norte-Salinas Bay Costa Rica or Nuclear

10 Chorrera-Lagarto Panama Sea-Level/Conventional Available data augmented by
geological investigations

14- Panama Canal Canal Zone Sea-Level/Conventional Available data dugmented by
Combined Sea-Level geological investigations

Conversion
14- Panama Canal Canal Zone Sea-Level/Conventional Available data augmented by
Separate Sea-Level geological investigations

Conversion
15 Panama Canal Canal Zone Lock/Conventional Available datu
17 Sasardi-Morti Panama Sea-Level/Conventional Comprehensive on-site survey

and Nuclear Combination
23 Atrato-Tuira Colombia and Sea-Level/Conventional Available data augmented by

Danama or partially Nuclear data from surveys on Routes
17 and 25.

25 Atrato-Truando Colombia Sea-Level/Conventional Comprehensive on-site survey
and Nuclear Combination

5
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CHAPTER II

ISTHMIAN CANAL INTERESTS OF THE
UNITED STATES AND OTHER NATIONS

The United States entered the Isthmus of Panama in 1903 to b&I'i"; a canal to serve
world commerce and contribute significantly to lae national security of the United States.
In the, years since its opening in August 1914, the Panama Canal has p ayed a major role in
the defense of the United States and its value as an international public uti1ity serving ocean
trade has increased dramatically.

Although less than 5 per cent of canal tornages in recent years has been Uniteo States
intercoastal trade and although most merchant ships now using the Panama Canal are ,'ot of
United States registry, approximately 70 per cent of all canal cargoes either originate in c-
are destined for the United States. More than 40 per cent of the ocean trade of tle Pacific
Coast countries of South America passes through the canal. Japan. Canida, Venezuela, and
Chile are major users, and almost every country in the world has sorme trade on the canal
routes.

The policy of the United States has been to operate the Panama Canal on a non-profit
basis for the benefit of all users. No specific effort has been made to amortize the United
States investment in the canal. With the exception of a few small repayments to the
Treasury, revenues in excess of operating and interest costs have been devoted to capital
improvements.

The initial investment of $387 million was too great to be amortized by reasonable tolls
during the canal's early years. Tolls were set at 90 cents per measurement ton (100 cubic
feet of cargo space) for laden vessels, 72 cents per measurement tu, for vessels in ballast,
and 50 cents per displacement ton for warships and other non-cargo vessels. From
1914 to 1951 the canal was maintained and operated by annual appropriations from the
United States Treasury, while annual receipts were returned to the Treasury. Not until after
World War II did revenues approach operating costs. In 1951 the Panama Canal Company
was organized as a United States Government corporation under legislation which permitted
continuation of the previously established toE levels but authorized increases when needed
to meet operating costs, interest on the unamortized investment, and a proportionate share
of the cost of the Canal Zone Government. In irrivi~ag at the interest-bearing debt' of the
Company the Congress set it at a minimum to lessen the interest burden on toll revenues.
All capital costs that reasonably could b- attribu-ed to defense or other activities not
required for ship tr.ansits weae written off. No provision was made for payment of the

*The Panama Canal Company's interest-bearing debt was establisne& in 1951 at $373 million. (See Pub!ic Law 841, 81st

Congress, September 26, 1950, 64 Stat. 1041; Hearings before the Subcommittee on the Panama Canal of the Committee
on Merchant Marine and Fisheries, House of Representatives, on YI.R. 8677, 81st Congress, June 26-28, 1950; Hearing

before the Committee on Armed Services, United States Senate, oji H.R. 8677, 81st Congress, September 7. 1 )50.) As of

June 30, 1970 it had been reduced by write-offs and repayments to $317 million. As of this sane date the total
unrecovere I United States investnent in the canal, including unpaid interest accrued since 1903, was estimated by the
Company to be $700 million, excluding defense costs.

Preceding page blank
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Culebra Cut, the deepest excavation of the Panama Canal, June 1913

FIGURE 3

interest obligat;on which had accumulated prior to the creation of the Company, and the
formula prescribed for calculating the interest rate on the debt was designed to keep current
interest payments low. The legislation creating the Company did not permit it to increase
tolls for the purpose of amortizing its debts.

Since 1951 the Congress has continued to confirm its intent to maintain low tolls.
When the canal annuity to Panama was increased $1.5 million by treaty agreement in 1955
the Congress stipulated that the increase be paid through an appropriation to the
Department of State. This arrangement continues today; only $430,000 of the $1,930,000
annuity is included as a cost of canal operation. Hence, meeting the legally established
payment objectives of the Panama Canal Company has not required an increase in the toll
rates set in 1914.

Interests of the United States
The objectives of the United States in an Isthmian canal are:

That it always be available to the world's vessels on an equal basis and at reasonable
tolls,
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- That it serve its users efficiently, and
- That the United States have unimpaired rights to defend the canal from any threat

and to keep it open in any circum'stances, peace or war.

National Security
The present Panama Canal plays an important role in thc United States national

defense; this is analyzed in Annex II, Study of National Defense Aspects. In World War II
(1941-1945), United States Government vessels made 20,276 transits, and 24 million tons
of military supplie- passed througn the canal. During the Korean War (1951-1954), United
States Government vessels made 3,331 transits, and 12 million tons of supplies went
through. It played an important role in the deployment of naval vessels during the Cuban
crisis in 1962, and currently a large portion of the military vessels and military supplies
bound for Vietnam passes, through the canal.

Closure of the Panama Canal in wartime would have the same effect on United States
military capabilities as the loss of a large number of ships. Many additional ships would be
needed to support military operations effectively via alternate routes, particularly
operations in the Pacific area. The canal's major military importance is in the logistic
support of combat forces overseas; internal United "tates transportation systems and port
complexes could be severely burdened in wartime if cargo movements had to be diverted
from canal routes. In an emergency, combat vessels can be deployed between the oceans by
other routes, but the capacities of available shipping, ports, and domestic transportation
cannot be quickly augmented to compensate for canal closure.

Panama has neither sufficient military strength to defend the Panama Canal nor the
capability of developing such strength. The presence of United States forces is essential for
the security of the canal. This limited role of the United States forces in the Canal Zone has
created no great difficulties with Panama. The defense of the canal, however, is an integral
part of the defense of the Americas; Panamanian Governments in the past have expressed
objections to the planning and execution of hemisphere defense activities from Zone bases.

The existing Panama Canal is vulnerable to many forms of attack, even though
extensive protective measures have been taken to strengthen the dams holding its water
supply, to double-gate the canal locks, and to guard its power sources. Drainage of Gatun
Lake is the greatest danger. A guerrilla ra.d on the locks or dams or the demolition of a
shipload of explosives in the locks could result in the loss of stored water that could take as
long as 2 years to replace. Shorter term interruptions could readily be created by sabotage
of power supplies and lock machinery, by scuttling ships in the locks or channel, or by
harrassment by fire on ships in transit. Considering its vulnerabilities, little comfort can be
drawn from the fact that no interruption of canal operations by hostile forces has occurred.
for no military or guerrilla attack on the canal has yet been attempted. The United States
must have a secure Isthmian canal, and its defense can best be accomplished in conjunction
with defense of the surrounding area at great distances from the canal itself.

Although it could not be put in operation for many years to come, a sea-level canal
acruc; the American Isthmus would increase the security of the United States and other
countries in the Western Hemisphere. It would be much less vulnerable to interruptions and
hence easier to defend. The current weaknesses of locks and power and water supply would

9



The United States Navy Aircraft Carrier CONSTELLATION passing under the Thatcher Ferry Bridge over the Panama
Canal. This carrier, with a 250-foot wide flight deck, is too wide to pass through the 1 10-foot wide locks of the present
canal.

FIGURE 4

not exist. Blockages by scuttled ships or bomb-induced slides could be removed relatively
quickly and the possibility is remote that it could be closed for long periods by hostile
action.

Canal Treaties
The principal treaties bearing upon United States canal rights and obligations on the

American Isthmus are:
- The Gadsden Treaty of 1853 with Mexico which guaranteed to the United States

fi'eedom of transit acrors the Isthmus of Tehuantepec should any means of transit
be constructed there.

- The Hay-Pauncefote Treaty of 1901 with Great Britain which cancelled an earlier

agreement with Britain that the United States would not fortify any canal across
the Isthmus and provided that the United States could alone build, operate, and
protect the Isthmian canal, provided it wis neutral and open to the world's vessels
on an equal basis.
The Hay-fterran Treaty of 1903 witth Colombia (never ratified) which would have
gven the United States the right to construct a canal in the Province of Panama.
Failure of the Colombian Government to ratify this treaty led to the creation of
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the Republic of Panama, and signature of the Hay-Bunau Varilla Treaty of 1903
with Panama.
The Hay-Bunau Varilla Treaty of 1903 with Panama which gave the United States
in perpetuity the exclusive right to build and operate a canal across Panamanian
territory and all the rights as if sovereign in the Canal Zone.

- The Bryan-Chamorro Treaty of 1914 with Nicaragua (now in process of being
abrogated) which gave the United States the right in perpetuity tc construct an
interoceanic canal across Nicaraguan territory.

- The Thompson-Urrutia Treaty of 1914 (ratified in 1922) with Colombia which
gave to Colombia the right of toll-free passage of the Panama Canal for het
government-owned vessels.

- The 1936 and 1955 treaties with Panama which relinquished some United States
rights acquired in 1903 and provided additional benefits for Panama but did not
fundamentally change the 1903 Treaty relationship.

Treaty Negotiations, 1964-1967
The draft three-treaty package developed by United States and Panamanian negotiators

between 1964 and 1967, never signed or ratified, and rejected by the Government of
Panama in 1970, contained these major provisions:

- The fPrst of the proposed treaties, that for the continued operation of the present
canal, would have abrogated the Treaty of 1903 and provided for: (a) recognition
of Panamanian sovereignty and the sharing of jurisdiction in the canal area, '(b)
operation of the canal by a joint authority consisting of five United States citizens
and four Panamanian citizens, (c) royalty payments to Panama rising from 17 cents
to 22 cents per long ton of cargo through the canal, and (d) exclusive possession of
the canal by Panama in 1999 if no new canal were constructed or shortly after the
opening date of a sea-level canal, but no later than 2009, if one were built.
The second, for a sea-level canal, would have granted the United States an option
for 20 years after ratification to start constructing a sea-level canal in Panama, 15
more years for its construction, and United States majority membership in the
contiolling authotity for 60 years after the opening date or until 2067, whichever
was earlier. It would nave required additional agreements on the location, method
of construction, and financial arrangements for a sea-level canal, these matters to be
negotiated when the United States decided' to execute its option.

- The third, for the Unitt I States military bases in Panama, would have provided for
their continued use by United States forces 5 years beyond the termination date of
the proposed treaty for the continued operation of the existing canal. If the United
States constructed a sea-level canal in Panama, the base rights treaty would have
been exte!1ded for the duration of the treaty for the new canal.

Interests of the Canal-Site Countries

Panama
The Treaty of 1903 with Panama for the construction and operation of the Panama

Canal granted to the United States in perpetuity all of the rights as if sovereign in a I0-mile-
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wide zc:ie across the Isthmus, to the entire exclusion of the uxercise of such rights by the
Republic of Panama. The Republic of Panama has sought since 1903 to terminate the
sovereignty and perpetuity clauses of the treaty, to increase her participation in th-
employm",t and financial benefits deriving from the canal, and to reduce both the
substa;I : and the appearance of United States control of Panamanian territory. The treaties
of 1936 and 1955 made limited concessions to Panama, but were short of meeting
Panamanian aspirations.

Panama has indicated in past treaty negotiations that she considers her fundamental
interests in any canal across her territory to be:

- That it be operated and defended with full recognition of the sovereignty of the
Government of Panama.

- That Panama obtain the maximum possible revenues from the canal in direct
payments and through Panamanian employment and sales of goods and services in
the canal enterprise.

- That Panama eventually become sole owner and operator of the canal.
The differing canal objectives of the United States and Panama have continued to

impair tranquil relations. Destructive riots took place along the Canal Zone border in 1959
and in 1964. New treaty negotiations, begun in 1964 and as yet unfiaished, have as their
goal the reconciliation of the interests of both countries in a lasting agreement.

There are many constraints upon the United States in meeting Panamanian asptrations,
but the United States has demonstrated, in the treaties of 1936 and 1955 and in negotiating
the 1967 draft treaties, a sincere desire to go as far as it can without jeopardy to its own
canal objectives.

The existing lock canal requir,,-s a large staff of skilled ,perating personnel, and its
defense requires substantial military forces. The Canal Zone provides a United States
standard of living for the 4,000 United Statei citizen employees of the canal, mostly
executives and skilled craftsmen. The Zone military bases provide similar living standards for
13,500 military and civilian personnel. These canal and military personnel are accompanied
by approximately 20,500 dependents. This results in some 38,000 United States citizens
living in an enclave extending across the middle of the Republic of Panama.

The living conditions provided by the Canal Zone were needed in the past to attract and
retain skilled employees, but modern Panama's economy could provide hcousing and
commercial services equivalent to those of the present Canal Zone. Panama's caaability of
providing skilled personnel is steadily increasing, and the Panama Canal Company iia,; for
some years niaintained training programs for its Panamanian employees. Consequently,
skilled employee positions are increasingly being filled by Panamanian citizens. An
employee phase down in a change over to a sea-level canal would hasten the elimination of
what is now deemed by Panamanians to be discrimination in lavor of United States citizens
in canal employment. These prospects offer means for reducing or eliminatii.g several
politically sensitive elements in the current situation.

The Panama Canal and its associated United States military bases provide a major
portion of the economic lifeblood -f Panama. Although Panama's dire(.t annual compensa-
tion is slightly less than $2 million, more than $10C million v:ach year is paid to
Panamanians for goods and services supplied to the Canal Zz'x•. Panama's economy is
growing more rapidly than the economies of other Latin American countries. Canal

12



operations and defense are expected to continue to be the basis for about two-thirds of her
foreign exchange earnings and one-third of her total economic activity, at least during the
remainder of this century.

A United States decision to construct a sea-level canal in another country would be an
economic catastrophe for Panama. The potential effects are analyzed in Chapter VII,
Analysis of Alternatives.

Colombia
The econ~omy of Colombia is larger and more broadly based than that of Panama.

Colombia's population is more than 10 times greater, and her metropolitan centers a e far
removed from Route 25. A sea-level canal constructed in Co!P"h-bia would be, at least
initially, remote from public view and its economic impact would be favorable, although
relatively small.

Formal negotiations ior sea-level canal treaty arrangements with Colombia have not
taken place. Informal discussions by members of the Commission with her representatives
and public statements by her officials indicate that a r:reaty ,iving the United States
effective control of a canal on Colombian territory might be unobtainable in the foreseeable
future, and that United States military forces for canal defense could not be stationed in

The Canal Zone town of Balboa at the Pacific end of the canal

FIGURE 5
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Colombia. Colombia's representatives acknowledged that construction of a new canal
wholly on Colombian territory could be destructive to the economy of Panama; hence, they
indicated that any canal arrangement involving Colombia would have to contribute to
regional c-operation ar.d not be a source of friction with her neighbors. The Government of
Colombia did erpress willingness to cooperate with the United States and Panama in
investigating the feasibility of multilateral finance, control, and defense of a canal on Route
23 traversing the territories of both Panama and Colombia.

Nicaragua-Costa Rica
United States relations with Nicaragua and Costa Rica have traditionally been friendly.

The Bryan-Chamorro Treaty of 1914 established United States rights to build a canal in
Nicaragua, subject to further agreement upon detailed ternms for ts construction and
operation. Plans for ab,1 ,gation of this treaty were initiated early in i970, but new treaty
terms attractive to the United States probably would be aitainable for a sea-level canal on
Route 8, generally along the border between Nicaragua and Costa Rica.

Interests of Canal Users
As peviously indicated, the present Panama Canal plays an important role in the

economic life of some dozen nations and is used in lesser degrees by most other nations of
the world. Although the United Statfs is the largest user of the Panama Canal, its economic
importance is greater to several smaller countries, particularly those of the Pacific Coast of
South America. Table 2 compa;es the exports and imports through the canal for various
countries in relation to their total ocean trade as a measure of its importance to each. The
United States' 15.8 per cent is exceeded by the proportions of 10 other countries whose
ecoaomies are vitally linked witl- the canal.

A recent informal opinion survey of Panama Canal users by United States embassies
found general satisfaction with operation of the present canal by the United States. The
survey also indicated that the maritime nations of the world assume that the United States
will continue to provide an adequate interoceanic passage.

14



TABLE 2

PANAMA CANAL USERS, FiSCAL YEAR 19691

Long Tons of Commercial Cargo Per Cent of Country's
Country Origin Destination Total Oceanborne Trade

United States 44,010,410 27,618,123 15.8
(U.S. I ntercoastal) (3,851,326) (3,0551,326)

Japan 7,396,528 33,558,400 11.7
Canada 7,280,101 2,335,207 7.5
Venezuela 8,528,294 704,973 4.7
Chile 3,325,839 4,063,013 39.6
Peru 4,678,162 1,768,126 39.0
United Kingdom 979,589 3,362,642 2.0
Netherlands West

Indies 3,720,671 113,646 4.5
Netherlands 470,062 2,737,548 1.7
Australia 1,668,788 1,367;957 4.1
West Germany 790,825 2,085,378 2.6
Ecuador 969,258 1,215,417 72A
Philippine Islands 1,534,594 545,703 8.3
New Zealand 1,309,822 702,091 17.6
South Korea 252,799 1,672,353 12.2
Colombia 1,061,716 611,011 22.2
Cuba 1,084,094 479,554 9.8
Panama 1.229,607 331,358 31.5
Canal Zone 17,165 1,436,424
Mexico 677,417 758,039 12.8
Belgium 706,125 794,153 1.9
France 334,326 941,959 0.9
Italy 185,766 1,032,032 0.6
Formosa 307,414 823,642 8.9
FI Salvador 207,868 870,014 68.1
Poland 843,564 75,297 2.9
Trinidaa/Tobago 680,661 108,642 2.3
South Vietnam . 772,063 10.2
Nicaragua 166,80! 494,675 55.1
Bra~il 387,816 ?20,668 1.3
Puerto Ric3 100,397 514,360

(Continued on fol~owing page)

'Countries are ranked in accordance with total of origin and destination cargoes in Fiscal
Year 1969. Canal per cent of country's total oceanborne trade is based upon d,-ta
contained in the United Nations Statistical Yearbook, 1970.
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TABLE 2 (Cont'd)

PANAMA CANAL USERS, FISCAL YEAR 19691

Long Tons of Commercial Cargo Per Cent of Country's
Country Origin Destination Total Oceanborne Trade

Spain/Portugal 108,216 452,971 0.8
Jamacia 427,746 113,646 4.0
China 343,290 192,271 2.5
Costa Rica 276,139 237,150 30.9
Guatemala 74,396 407,349 30.9
I ndonesia 66,578 413,416 1.8
Hong Kong 193,990 230,662 3.7
East Germany 355,160 48,179 4.2
French Oceania 130,498 246,157
Sweden 164,508 195,267 0.5
British Oceania 319,320 38,007
British '•ast Indies 188,277 122,919
Netherlands Guiana 288,765
Honduras 210,642 20,602 13.6
USSR 187,477 32,731 0.2
Thailand 68,656 151,272 1.7
North Korea 57,493 127,350 12.1
Denmark 52,777 128,345 0.6
West Indies

Associated States 134,371 40,023
Norway 103,574 66,836 0.3
Finland 158,050 0.6
Guyana 140,418 2.8
Yugoslavia 11,491 128,840 1.1
Argentina 36,886 56,355 0.5
South Africa 92,317 0.4
Irish Republic 75,831 0.7
Haiti and Dominican

Republic 10,004 59,844 1.6
Rumania 62,667 0.9
Israel 56,452 0.9
Libya 40,278
Greece 32,423 0.2
Lebanon - 26,380 0.1
Morocco 12,995 0.1
Mozambique 10,100 0.1
British Honduras 1,636 0.8
A1; Others 2,311,328 3,1e•9,726 0.8

TOTA L 101,391,132 101,391,132
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CHAPTER III

POTENTIAL CANAL TRAFFIC AND REVENUES

Canal traffic forecasts are required to determine (a) when the present canal will become
incapable of meeting estimated demand for transits and (b) whether a new sea-level canal
could be financed from toil revenues. Legislation authorizing a sea-level canal, and the
subsequent detailed planning and construction, would require approximately 15 years, and
60 years or more thereafter might be required for amortization. Tais period of 75 years into
the future is excessive for economic forecasting; hence, the estimates of potential canal
traffic and revenues described herein of necessity incorporate assumptions and judgments.

Previous Canal Traffic Forecasts
Many forecasts have been made of traffic through the Panama Canal. Figure 6 compares

actual Panama Canal experience with forecasts by Hans Kramer in 1927; Norman Padelford
in 1944; Roland Kramer in 1947; Stanford Research Institute in 1958, 1964 and 1967; and
Gardner Ackley in 1961. These forecasts have almost without exception soon been
exceeded by the traffic which subsequently developed. As the forecast periods became
history, unforeseen new commodity movements appeared in ever-increasing proportions of
the total tonnages passing through the canal.

The Economic Research Associates, Inc., Forecast
The Shipping Study Group, in its report to the Commission, did not estimate future

traffic through the existing canal; it limited its considerations to the potential traffic
through an unrestricted canal. However, early in 1970 a traffic forecast through 1985 for
the present canal was independently developed by Economic Research, Associates, Inc.
(ERA) under a contract with the Panama Canal Company (Figure 7). It arrived at a
projection of potential canal traffic essentially the same for the 1970-1985 period as in thc
Commission's forecasts, described later "n this chapter, produced by a different method-
oLogy. ERA also forecast the division of potential traffic between the present canal and
alternate routes. As will be shown later in this Chapter, the ERA forecast proides a logical
basis for estimating the saturation date of the present canal if no sea-level canal is built.*

Capaicity of the Present Canal
The average amount of commercial cargo per ship transiting the Panama Canal increased

slowly from approximately 4,000 to 5,500 long tons from 1920 to 1960. During the past ten
years, however, there was a rapid increase: 6,470 long tons per transit in 1965; 7,710 long
tons per transit in 1969; and 8,366 long tons per transit in 1970. The average amount of
cargo per ship passing through the Panama Canal in future years will certainly not lessen; it

*Saturation date is the year in which the number of transits through the canal reaches the maximum number that can be
passed through the locks, estimated to be 26,800 per year.
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should continue to ;ncrcase as more and more intermediate s)zed tankers and large bulk
carriers are used to carry crude oil and petroleum products and dry bulk commodities
through the Panama Canal. The indications from this 10-year t"end are that the average will
be 9,500 long tons per ship by the time traffic reaches 150 mihion iong tons of cargo per
year, and at least 12,000 tons per transit when 250 million tons of commercial cargo per
year are carried through the Panama Canal.

The numbers of commercial transits of an i'nteroceanic canal with respect to the
amount of commercial cargo in the future, as variously estimated, are shown in Table 3.

TABLE 3

COMMERCIAL OCEAN TRANSITS OF AN ISTHMIAN CANAL
RELATIVE TO COMMERCIAL OCEAN CARGO IN YEAR

Anni;ai Shipping Study Report'
Cargo Transited 46 Per Cent 25 Per Cent

(Millions Of Tonnages Of Tonnages ERA Historical
of Long Tons) In Freighters In Freighters Report Trend

111 14,700 14,700 13,500 13,500
125 15,800 15,100 14,000 14,400
150 18,300 16,500 16,100 15,900
173 20,500 18,000 17,300
200 22,900 19,300 18,700
225 25,000 20,700 20,000
250 21,900 21,400
300 23,600 24,200
350 25,500

'Annex IV, Study of Interoceanic and Intercoastal Shipping, transit data are related to
forecasts of total potential tonnage, including all categories of traffic that transit the
Panama Canal. This table relates to commercial ocean traffic only.

The a•iama Canal Company has determined that 26,800 transits per year of all
classifications could be accommodated by completion of improvements now underway and
by augrientatior, of the water supply for lock operation. There generally have been less
than 1,500 noncommercial transits per year, althongh the total did exceed 2,000 in the
years of United States miltary actions in Asia. The effective transit capacity of the existing
Panama Canal may thus be taken to be 25,000 commercial cargo ships per year. The
corres~onding upper limit of capacity of the Panama Canal, expressed in long tons of
commercial cargo per year, has been estimated by the Shipping Study Group to be:

-Forecast assuming 46 percent of tonnages
moving in freighters and an average
of 8,800 tons per transit: 220 million long tons
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-Forecast assuming 25 percent of tonnages
moving in freighters and an average
of 12,400 tons per transit: 310 million long tons

If the average size of the ships transiting the Panama Canal continues to increase at the rate
that has prevailed for the past 10 years, the capacity at the saturation level will be at least
300 million long tons per year.

It may be inferred from estimates of probable bypass traffic during the next 15 years
that the demand on the Panama Canal (if it is not superseded) will be approximately 50
million tons less in the year 2000 than the traffic that would pass through an unrestricted
canal. The corresponding demand on the Panama Canal would thus be approximately 300
million long tons in the year 2000 if the potential forecast of the Commission were realized
or 200 million long tons if its low forecast prevails. These estimates are consistent with the
Shipping Study Group analysis of the economics of alternatives of the existing canal (Annex
IV).

It is apparent from this analysis of its capacity and the projections of future demand
that the Panama Canal can accommodate the demand for transits by ships of the size that
can pass the existing locks for at least 20 years and morc probably to the end of this
century.

Forecast of World Trade Growth
A 1968 study of world oceanborne trade by Litton Systems, Inc. forecast that the

growth of aggregate ocean cargo tonnages would slow from the current 7.2 per cent ailnual
rate to around 4 per cent by the end of the century and ,uld continue to grow thereafter
at approximately that rate. For the past 20 years the Panaina Canal portion of total cargoes
moving in ocean trade each year has been consistent, varying less than one percentage point
above or below 5.1 per cent of the total. A forecast based upon this relationship, using the
Litton forecast of world trade, would justify high expectations for a sea-level canal.
However, a projection of potential canal traffic growth into the future at the exponential
rates of the Litton Study reaches economically questionable levels toward the end of the
century and unrealistic levels thereafter.

The Commission's Forecasts
The traffic growth pattern of the Panama Canal (Figure 6) shows a rapid increase in the

years immediately after its opening in Fiscal Year 1915 followed by a levelling off to
insignificant growth during the depression and war years from 1929 to 1945. Since World
War II, however, there has been sustained growth, and there are no indications of a marked
decline in this giowth in the near future. The data are given in detail in Table I' of Annex
IV and are summarized in Table 4 of this report. Much of the rapid increase in Panama
Canal traffic in recent years stemmed from trade with Japan, as shown in Table 5.

Two long-range forecasts of traffic through a non-restricted Isthmian canal, made by
the Shipping Study Group, are given in Table 6 and shown graphically in Figure 8. The
forecast of potential canal tonnages recommended to the Commission was in essence a
summation of separate estimates of canal traffic originating in 15 different regions, based in
each case on the historical relationship between such traffic and the respective Gross
Regional Product (GRP) and on extrapolation of that GRP through the year 2000. This
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TABLE 4

GROWTH OF PANAMA CANAL TRAFFIC

Total Transits Commercial Ocean Transits

Fiscal Cargo Cargo
Year Number Million Tons Number Million Tons

1915 1,108 4.9 1.058 4.9
1920 2,777 9.7 2,393 9.4
1925 5,174 24.2 4,592 24.0
1930 6,875 30.2 6,027 30.0
1935 6,369 25.4 5,180 25.3
1940 6,945 27.5 5,370 27.3
1945 8,866 19.4 1,939 8.6
1950 7,694 30.4 5,448 28.9
1955 9,811 41.5 7,997 40.6
1960 12,147 60.4 10,795 59.3
'965 12,918 78.9 11,834 76.6
1970 15,523 118.9 13,658 114.3

TABLE 5

INFLUENCE OF JAPAN TRADE
Millions of Long Tons

Total Commercial
Year Cargo in Year Japan Trade Other Cargo

1956 45.1 7.2 37.9
1957 49.7 10.2 39.5
1958 48.1 8.5 39.6
1959 51.2 9.1 42.1
1960 59.3 12.2 41.1
1961 63.7 15.3 48.4
1962 67.5 17.8 49.7
1963 62.2 15.4 468
1964 70.6 19.8 50.8
19 1'J 76.6 21.4 55.2
1966 81.7 24.5 57.2
1967 86.2 28.9 57.3
1968 96.5 38.1 58.4
1969 101.4 41.0 60.4
1970 114.3 51.4 629
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TABLE 6

CARGO TONNAGE FORECASTS FOR AN
UNRESTRICTED ISTHMIAN CAINAL

Millions of Long Tons Per Year Including
Allowances for Non-Commercial Traffic

Fiscal Potential Tonnage Forecast Low Tonnage Forecast
Year

1975 125 141
1980 157 171
1985 194 197
1990 239 218
1995 293 237
2000 357 254
2005 429 272
2010 503 290
2015 577 307
2020 613 325
2025 /00 344
2030 743 363
2035 770 383
2040 778 403

forecast was accepted by the Commission for planning purposes. The other forecast was
deveioped by isolating the traffic to and from Japan from oth.er commercial traffic and then
makin, separate forecasts for Japan trade and for the remainder of all potemtial traffic. The
Commission accepted this lower forecast for evaluation of the financial risk that could stem
from construction of a sea-level canal.

Ship Sizes and Potentia, -anal Transits
The Panama Cnal satisfied all demands for ,hippin- between the Atlantic and the

Pacific Oceans from the start of operations in August 19'4 until recent years when very
large tankers and bulk carriers began to be bu:lt. n 1970 there were approximately 1300
such ships afloat and under construction or on order vhich could not pass through the
existing locks auder aiiy circumstances because of beam width and approximately 1750
others that could not pass through fully laden at all tinmes because of draft limitations. All of
the former and most of the latter are now being used, or will be used, on trade routes that
do not involve the Panama Canal, such as shipments of petroleum from thc Middle East to
Europe and iron ore from Australia to Japan. On the other hand, if it were not for the
physical limitations of the Panama Canal, some of these bulk carriers would undoubtedly be
used on canal routes. Distinction must therefore be made between the traffic that the
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Panama Canal will be called upon to handle and the poten,,al traffic that an unrestricted
sea-level canal might attract.

The dimensions of the existing locks of the Panama Canal preclude the pas3age of ships
larger than 65,000 deadweight ,Lns* (DWT) when fully laden. This size limitation and the
time required for passage of ships through the locks now impose few restraints on free
movement of oceanborne commerce, but both will become progressively more restrictive as
the average size of the ships and the number of transits increase. Few general cargo vessels
are likely to be built that could not pass through the present cartl. Approximately I per
cent of the bulk carriers now in service are larger than 65,000 DWT, but by the year 2000
about 10 per cent are expected to be. Only 7 per cent of the tankers now afloat cannot
transit the Panama Canal, but it is predicted that within 30 years inore than half of the
tankers in the world fleet will be too large to do so. Table 7, developed by the Commission's
Shipping Study Group, lists the projected average sizes of ships that wr uld use a future
Isthmian canal, considering a range of maximum size ships to be accommodated.

TABLE 7

AVERAGE DWT PROJECTIONS

Maximum
Ship Type Ship Size 1970 1980 1990 2000 2020 2040

Freighter All Limits 10,800 11,500 12,200 13,000' 14,600 16,500

Bulker 65,000 27,800 33,900 39,800 44,400 "8,800 52,000
100,000 28,000 35,900 43,000 50,000 61,500 69,000
150,300 28,000 36,000 43,700 51,600' 65,800 81,000
200,000 28,000 36,200 44,100 52,000 67,000 84,000
250,000 28,000 36,200 44,100 52,200 67,200 85,000

Tanker 65,000 19,200 27,700 33,0130 36,000 37,000 37,000
100,000 20,000 31,800 41,600 49,200 54,306 56,300
150,000 20,100 33,000 44,800 55.000' 66,600 74,600
200,003 20,100 33,300 45,500 5C6,61600 71,000 83,200
250ý000 20,100 33,300 46,000 57,500 72,?00 87,200

Example: in a carnl that could accorn-,odate ships up to 150,000 D'WT the average freighter in the, year 2000
would be 13,000 DWT; dry bulkf,, 51,600 DWT; and tanker, 55,000 DWT.

Panama Canal ship mixes and likely variations in canal smiip mixes in the future are
discussed in detail in Annex IV, Study of Intcroceanic and Intercoastal Shipping. in recent
years, freighters have carried 46 per cent of the cargo tonnage, dry bulkers (some also
carried liquid cargo) 37 per cent, and tankers 17 per cent. It is anticipated that the
proportion of freighter tonnage will diminish progressively as moie and more large bulk

LIadweignt tonnage of a ship is its fully laden capacity in long tons (2240 pounds), inmuding cargo, fuel, and stores, but
:xcluding the we.ht of the ship itself.
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I
carriers come into use. Since any specific forecast of transits for many years in the future
would have li"tle reliability, transit lequirements were calculated foc a range of cargo mixes:
a maxinmun of 46 per cent freighter tonnage; a minimum of 23 pei cent of freighter
tonnage. The resulting range of transit possibilities is shown in Table 8. Figure 9 graphically
portrays the range of possible transits for the potential tonnage forecast, used by the
Commission for sea-level canal capacity planning It is probable that future sea-level canal
transits would remain above the middle range during the remainder of this century and fall
into the lower portion in later years.

TABLE 8

PROJECTED SEP.-LEVEL CANAL TRANSITS
(150,000 )WT Maximum Ship Size Capacity)

Pote.aiall Tonnage Forecast Low2 Tonnage Forecast

Year 2000 2020 2040 2000 2020 2040

Tankers 2,252 3,350 3,618 1,602 1,693 1,874

Dry Bulkers 5,652 7,983 7,846 2,565 2,574 2,593

Freighters 16,745 26,854 28,751 21,921 24,975 27,403

Totals 24,649 38,187 40,215 26,088 29,242 31,810

'Assumes most tonnage growth will be in bulk cargoes and current Panama Canal ratio

of 46 per cent of cargo tonnages transiting in freighters will decline to 25 per cent by
2000.

2Assumes uniform growth rate of freighter and bulk cargo tonnages with 46 per cent
of tonnages continuing to transit in freighters through the foerast period.

Estimated Sea-Level Canal Revenues at Current Toll Rates
A car.na capable of accommodating large bulk carriers will attract more bulk cargoes

than the present canal. Therefore, revenue estimates must take cognizance of the piojected
iage of future possibilities" the present Panama Canal cargo mix in which 46 per cent of

tonrages move on freighters, 37 per cent on dry bulk carriers, and 17 per cent on tankers;
and a possible future mix of 25 _r cent freighter cargoes. S8 per cent dry bulk cargoes, and
.7 per cent tanker cargoes. The average revenue per ton of cargo transited on dry bulk
carrie,1 , is the lowest since they usually transit fully laden and have relatively few ballast
transits. The revenue from tankers i i higher bec;ause oi their higher ratio of ballast transiti.
The revenue per ton for freight, ý-. ,s highest; they have tkw ballast transits but usual'y carry
bulky, light cargoes and are often not fully I- den.
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Because the Panama Canal tolls are assessed on the basis of measurement tons (100
cubic feet of cargo capacity), revenues per weight ton of cargo vary widely. The average
revenue per weight ton of cargo passing through the canal during the past 20 yearF has
fluctuated between 80 and 90 cents per long ton of commercial cargo with a trend toward
the higher amount. Continuation of this upward trend of the average toll per cargo ton
carried through the Panama Canal is indicated by the findings in the recent report of the
Economic Research Associates to the Panama Canal Company. This trend would probably
reverse whenever a sea-level canal became available fo) use by ships that cannot pass the
locks of the present canal, because of the relatively low revenue per cargo ton realized from
such ships. Therefore, the average toll per long toy, of commercial cargo that would be
carried through a sea-level canal can be expected. to decrease as the volume of traffic
becomes greater and larger and larger ships ccene into service. A prouable relationship
between such traffic and the average toll is shown in Table 9.

The potential revenues from tolls and toll crodits at these average rates per cargo ton are
shown in Table 10 for the traffic forecast recommended by the Shipping Study Group and
for the lower forecast described in the report of that group. It is assumed, as has been
generally true in the past, that the average toll per cor mercial cargo ton is a fair measure of
toll credit - -f non-commercial transits.

Maximum Sea-Level Canal Toll Revenues
Thlee independent studies of potential revenue from the present canal have been made

in recent years. These are the Arthur D. Little Company Study in 1966 for the United
Nations Special Fund, the Stanford Research Institute's Study in 1967 for the Panama
Canal Company, and the Panama Canal Company's 1970 Study in connection with its
evaluation of the Intergovernmental Maritime Consultative Organization's proposed Uni-
versal Measurement Tonnage System.

The Arthur D. Little Study evaluated the movements of major commodities through
the canal in comparison with shipping costs between the same sources and destinations via
alternate routes. The study concluded that, for the short run, an upward revision of the
present tolls could double or triple gross revenues. However, extensive readjustments would
take place over the long run with loss of much of the potential traffic.

The Stanford Research Institute's (SRI) study involved a judgmental determination of
the responses of commodity movements to toll increase by comparing the estimated costs of
alterna'.,ves to the canal. It concluded that across-the-board increases up to 25 per cent
would have little effect on traffic, but larger increases would discourage traffic growth. A
100 per cent increase would cause iraffic growth to cease entirely and perhaps even cause
traffic to decline. liowever, the study concluded that the maximum revenues could be
obtained over the tu,, run by selective toll increases on a commodity basis, ranging from 25
per cent to 150 per cent.

The findings of the Panama Canal Company's 1970 Study were generally consistent
with thons, ct the SRI Sti.dy. The 1970 Study concluded that maximum toll revenues could
be obtaineoa througih Alective increases averaging approximately 50 per cent. It was
estimnated that this woild produce revenues about 40 per cent greater than would be
producid by continuation of the present system
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TABLE 9

ESTIMATED SEA-LEVEL CANAL REVENUE RELATIVE
TO TOTAL CARGO TONNAGE

$0.90 per Laden Panama Canal Ton
$0.72 per Ballast Panama Canal Ton

Cargo
Millions of Long Toll Revenue

Tons in Year Average Toll Millions of Dollars

200 $0.848 170
300 0.812 244
400 0.777 311
500 0.777 389
600 0.777 466
700 0.777 544
800 0.777 622

TABLE 10

FORECASTS OF SEA-LEVEL CANAL REVENUES

$0.90 Per Laden Panama Canal Ton
$0.72 per Ballast Panama Canal Ton

Potential Tonnage Forecast Low Growth Forecast
Fiscal Year $ Millions $ Millions

1990 205 185
2000 290 215
2010 391 235
2020 500 264
2030 577 282
2040 605 313

It is apparent from these studies that it would be necessary to do away with the present
Panama Canal toll structure to realize the maximum potential revenues in an isthmian canal.
This toll structure, however, which does not discriminate among types of cargo, is
established by law and has the advantages of simplicity of administration, conformity with
systems used in many other canals and ship facilities, and established acceptability to canal
users. Furthermore: this schedule is currently producing revenues adequate to meet
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legislatively established obligations of the Panama Canal Company.
The Commission recognizes that United States law requires public hearings before canal

tolls can be increased and that the views of the Congress, canal users, and others would have
to be considered in setting tolls in a sea-level canal. However, in view of the large capital
investment required for a sea-level canal (or for additional locks for the present canal) and
possible future increases in host-country compensation, the Congress may determine that
higher revenue objectives are warranted. The Commission's study of the potential for toll
...weases and higher revenues was directed to the practical options available. These are set
forth in detail in Annex IV, Study of Interoceanic and Intercoastal Shipping. In general, it
was found that:

1. The A.D. Little Company, the Stanford Research Institute, and the Panama Canal
Company studies oi thie lock canal are applicable to an analysis of the revenue
potential of a sea-kAvel canal.

2. The alternatives to the use of any Isthmian canal place an upper limit on the
charges it can impose for its services. These alternatives include:
a. Alternative ship routing to avoid the canal, and alternative ship sizes in

conju ztion;
b Transithmian pipelines for petroleum and dry bulk materials transported in

4iquid slurry form:
c. Iihe land bridge concept in which rail movement in the United States and

Canada substitutes for canal routing;
d. Air transport; and
e. Substitute sources and markets.

3. The potential bulk commodity traffic of the sea-level canal is very large, but the
alternatives to the canal limit the ability to increase tolls on these commodities
above present Panama Canal tolls.

4. The tolls on other categories of cargo could be increased on a selective basis in
varying amounts up to 300 per cent without exceeding the cost of available
alternatives.

5. The toll system that would produce the greatest revenue without discouraging
traffic growth is one with rates based upon the value to each user. The direct cost
of rendering the services would determine the minimum level for a to!ls charge, and
the cost of the most attractive alternative would determine the maximum charge. If
permitted to use such a pricing structure, a sea-ievei canal could attract almost all
potential traffic from alternative routes and transportation modes.

The findings of the Shipping Study Group as to the maximum potential revenues of a
sea-level canal may be summarized as follows:

- The potentiai traffic level of a sea-level canal is not likely to be achieved with a new
canal limited to ships of 100,000 DWT or less. It is most likely to be achieved by a
canal with a capacity to transit ships of 200,000 DWT or larger.

- 'Foil rates in a canal of adequate dimensions could be increased an average of 50 per
cent in terms of current dollars by ihe use of a new system of tolls. This would
cause some icss of potential traffic, but would produce approximately 40 per cent
afditonal revenue.
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- In addition to the potential for increase in current dollars, average tolls could be
increased at a rate approximating the average inflation of the costs of canal
alternatives with little impact on the volume of traffic.

- If tolls are restructured to produce maximum revenues, provis;ions must be made for
the variations in tolls sensitivities among commodities, ship sizes, and routes.

- A pricing system for structuring tolls designed to meet th- costs of competing
alternatives offers the greatest revenue potential for a sea-level canal.
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CHAPTER IV

EXCAVATION BY NUCLEAR METHODS

The initial PLOWSHARE cratering experiments and engineering studies conducted from
1958 through 1962, as well as a number of applicable nuclear weapons effects tests,
encouraged the hopes of the scientists and engineers involved that a practical nuclear
ex.cavation technology would soon be forthcoming. An attractive potential application then
considered was t'- construction of a sea-level Isthmian canal; in 1963-1964 conceptual
studies and research in the new techaology were extended to include this objective. Two
Isthmian canal routes, Route 17 in Panama tnd Route 25 in Columbia, having sparse
populations, remoteness from population centers, and apparently favorable topography,
appeared to meet the requirements of the embryonic technology.

Preliminary engineering estimates, made without on-site investigations, put nuclear
canal construction cost for Route 17 as low as $747 million - about one-third the
then estimated cost of conventional construction on Route 14. Route 25 was estimated to
cost more because only a portion was thought suitable for nuclear excavation. However, it
was recognized that the potential economies were contingent upon proof of th, feasibility
of nucieai excavation by further research and experimentation and also upon favorable
results of comprehensive physical surveys of the engineering and nuclear safety features of
the selected routes.

There was optimism in 1964 that on-site studies of the routes and the planned program
of additional nuclear cratering experiments would establish the feasibility and desirability of
nuclear excavation, although the magnitude of the technical and political obstacles to
nuclear excavation was recognized by President Johnson's advisers. Further, the United
States was being pressed by Panama to revise the 1903 Treaty. The urgency of determining
the feasibility of a sea-level canal was then deemed to warrant proceeding with on-site route
investigations while carrying out the additional nuclear cratering experiments needed to
develop a practical nuclear excavation technology.

The authorizing legislation requested by the President and approved by the Congress
contemplated extensive data collection on the two most promising nuclear routes, 17 and
25. Only limited field investigations of the routes for conventional excavation were provided
for as the available data were thought to be sufficient for feasibility studies. No field work
was planned for Route 8 inasmuc! ais (. aluations based upon avilable data showed it to be
less suitable than other routes undoe, consideration. The original authorization for the
planned studies was $17.5 million. This amount was later augmented to $24 million, in part
to expand the investigation of rov-tes suitable for conventional excavation. The actual
expenditure was $22.1 million, of which approx •,tely $17.5 million was devoted to the
nuclear routes, $3.0 million to the conveiitionai routes, and $1.6 million to All other
activities.

33Preceding page blank



I

SEDAN, July 6, 1962, 100 Kiloton - The Thermonuclear explosion occurred 635 feet below surface and excavated a

crater about 1200 feet in diameter and about 320 feet deep with a volume of about 6.5 million cubic yards.

FIGURE 10

Nuclear Excavation Technology
in, 1964 knowledge of nuclear cratering physics was limited to single craters in alluvium

ano rock. Row crater experiments had been conducted with chemical explosives only.
However, extensive knowledge of the radioacti-vity, fallout, seismic, and air blast phenomena
associated with nuclear excavation operations was available from an wide variety of nuclear
tests.

It had been estimated in prior Isthmian canal studies that the deep cuts through the
Continental Divide sections of the routes would require salvo yields in the tens of megatons
(M.t * Such levels were considered troublesome, particularly from the ground motions that
might be induced. It was recognized in these studies that radioactivity from fallout could
require extensive evacuation precautions and present problems under the restrictions of the
Limited Test Ban Treaty. There was confidence, however, that the radioactivity effects
could b- heW to insignificant levels.

*Nuckar .eplosive equivalent of one million t..- of the chemical explosive, trinitrotohiene (TNT).
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Ti BUGGY I crater approximately 860 feet long, 250 feet widtc, and 65 feet deep produced by the simultaneous

detonation of five nuclear explosives of approximately 1 kiluton each on March 12, 1968. The explosives were buried 135
feet deep and spaced 150 feet apart in hard rock on the U.S. Atomic Energy Comr..ission's Nevada Test Site. The arrow

mrin ts to a pick-up truck.F 
I U E 1FIGURE 11

When the sea-level canal investigation was initiated in 1965, it was expected thatdevelopment of the nuclear excavation technology would be advanced sufficiently during

the course of the investigation to permit determination of its feasibility for canal
construction. The AEC's PLOWSHARE program in nuclear excavation was expanded1 in
order that development of the technology would be phased with the Car.al Study
Comrnissioi,'s timetable. A program of some six to eight nuclear tests was considered the
rninimum necessairy to develop the technology.

Complementar' theoretical and laboratory tests and studies were also piogrammed and
canied out. These r!ated to all aspects of nu-Jear excavation, including the development of
clean devices and tVie probable behavior in craterirg of the different materials not so fir
tested - rock, saturate! rock, anJ clay shales as found on the Isthmian routes.

Politic•tl and budgetary constraints caused the olanned PLOWSHARE nuclear excava-
tion program to move slowly. Although the Caiial Study Commission's reporting date was
extended from Jr.ae 30, !968 to December 1, 1970, only three tests were carried out during
the Commission's investigation. The data from them materially assi.ited the complementary
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United States Air Force CH-3 Helicopter Lifting a Drilling Mast on Route 17

FIG'URE 12

II

studies and provided corroborative data at yields approach~ing usefulness for practical
excavation projects. The higher yield nuclear cratering experiments of the magnitude
required for the Isttimian canal excavation, however, remain to be carried out.

Engineering and Niicltear Operations Surveys
Pie engineeri-g and nuclear operations surveys of' Routes 17 and 25 were carried out

essentially as planned except for unavoid-,ble del:.ys. A field office in the Canal Zone and
base camips on each route were established. The latter were augmented by small satellite
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camps along the alinefnents. The personnel involved numbered more than 800 at the height
of field activities.

Four weather stations were built and operated in Panama and Colombia to acquire the
weather data needed for prediction of the effects of nuclear cperations and for other
purposes. Very high altitude *ir studies were conducted, using balloon anci rocket-borne
instruments. Surveys of existing buildings and other structures within projected areas of
significant ground motion were made to estimate structural response and damage.
Bioenvironmental studies in the various raJioecological systems were carried out by
scientists of different fields (marine, terrestrial, agriculture. forest, freshwater, etc.).

The engineering data program included topogripiiic surveys to -stablish the preferable
alinements and their elevations. The surface geology along each ioute was mapped and
subsurface borings vere carried out to confi-in or correct L ological interpretations- Rainfall
and stream flow were measured. People were couoted.

As usual, in such preliminary surveys there are areas where more data and longer
collection periods would have been desirable. The dati obtained, however, provide j basis
for a number of findings not previously possible.

Detailed analyses of the nuclear excavation te.-hnology and its potential application to
specific canal routes ore contained in Annex V, Study of Engineering Feasibility, and its
appendices. Several of the technical evaluations developed from the surveys of Routes 17
and 25 are summayized below. Discussions of the unique political, military, and econoniic
aspects of these routes are contained in Chapter VII, Analysis of Alternatives.

Route 17

1. Geological drilling on Route 17 found competent rock along approximately
three-fifths of the 50-mile route. Hard materials predominate throughout the 20-mile
Continental Divide reach on the north and for 10 miles through the Pacific Hills on
the south. The center 20 miles through the Valley of the Chucunaque River,
however, consist largely of clay shales. This material, if excavated to steep slopes,
softens and slides as it weathers. Slopes as flat as one unit of vertical rise for each 12
units of hotizontal mrasurement probably are needed for long-term stability in the
dleepest excavation. Such slopes cannot be produced by single-row explosive
excavation, and the chemical explosive experiments conducted thus far indicate that
it is unlikely that multiple-row techniques can be developed to produce flatter slopes.
For this reason, cost estimates had to be based L-, the assumption that the center
portion of Route 17 would require conventional excavation.

2. The portions of Route 17 which appear to be suitable for nuclear excavation are
currently estimated by the United States Army Engineer Nuclear Cratering Group to
require about 250 separate explosives with a total yield of 120 megatons. They
would be fired in some 30 salvos of varying total yields over a period of 3 years or
longer. The largest salvo would have a total yield of I I megatons. These estimates are
approximations only, based upon the limited route data available and calculate;i
nuclear explosive effects determined by extrapolation of hw-yield experimental dat.
available in 1969. The ALC is confident that these estimates could be reduced, both
in number of explosives and in total yield required.
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Rcute 17 cenkr~irb trail tiiioug!, th'e Chuzcufaquc VA;J y

FIGURE 13
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Site survey base camp at Santa Fe Ranch, Route 17

FIGURE 14

3. Fallout predictions based upon meteorological conditions in the vicinity of Route 17

inJicate that a land area of approximately 6,530 square miles containing an

est ted 43,000 persons would have to be evacuated during the period of nuclear

operations and for several months thereafter. This includes most of the area that

might be affected by ground shock or air blast, but precautions against glass breakage

and other damage in built-up areas would be required over a large area extending out

approximately 300 miles from tne route. The AEC is confident, however, dhat a
significant reduction in the size of the area affected is possible.

4. Tidal currents in a partially nuclear excavated sea-level canal on Route 17 without
tidal checks wonld reach 6.5 knots in the conventional section.

Route 25
1 Geolowical drilling found competent rock through the Continenta' ,)ivjde reach at

the Pacific end of Rouitc 25. This constitute'; ;ipproximatelv 20 miles of the

alinement inwvstigate. Tiv greatur portion ol 'his 100-mile route passes through
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alluvial material in the flood plain of the Atrato River. This reach is no! suitable for
nuclear excavation, but is well suited f)r economical hydraulic dredging.

2. The portion of Route 25 that appears suitable &'r nuclear excavation is currently
estimated by the Corps of Engineers to require I S0 individual explosives with a total
yield of 120 megatons. They would be detonated in some 21 row salvos over a period
of approximately 3 yeais. The largest salvo would total 13 megatons. The AEC
believes these estimates, like those for Route 17, could be reduced.

3. A land area of approximately 3,100 square miles containing an estimated 10,000
inhabitants wou J have to be evacuated to permit nuclear operations on Route 25.
As for Route 17, additional precautions would be required within a 300-mile radius
during actial dctonatiorn..

4. Tidal currents in a Route 25 sea-level canal without tidal gates would reach a
maximum of 3 knots.

Technical Feasibility of Nuclear Excavation of Routes 17 and 25
The Commission's Technical Associaies for Geology, Slope Stability, and Foundations

were asked to assist in the evaluation of the technical feasibility of nuclear excavation of
Routes 17 and 25. Their report is Enclosure 2 to this report. The tallowing extract
summarizes their findings as to the feavibility of nuclear canal excavation:

Feasibility of excavation by nuclear expic'siois is discussed in terms of: (I) the
present situation, i.e., the possibility of its being used with assurance for
interoceanic canal construction within tWe ne;,: ten years; (2) the requirements
for a continuing program of nuclear testing to assure future feasibility; and (3) the
possibilities of future applicability to weak rocks such as the clay shales of the
Chucinaque Valley. These discussions apply exclusively to the physical develop-
ment and configuration of craters which would result in a usable canal and
exclude all other effects of nuclear explosions such as seismic, air blast, and
radiological hazards.

(I ) Present Feasibility
The Technical Associates are in unanimous agreement that the techniques for

nuclear excavation of an interoceanic canal cannot be developed for any
construction that would be planned to begin within the next ten years,

The reasons for this opinion are:
a. Extension of the scaling relations now established by tests to the much higher
yield explosions is too irdefinite for assured design and the "enhancement"
effects due to saturated rocks and row charge effects now assumed flzve not been
proved by large scale tests. There is a definite possibility of a major change in the
mechanics and shape of the crater formed by the much higher yield explosions
required for the canal excavations as compared to exirapolations from the
relatively small-scale tests carried out to date.
b. The effects of the strength of rock on the stability of "fall-back" slopes and
the broken rock crater slopes projecting above the fall-back to the great hbights
required for an interoceanic canal have not yet been established.
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Drilling for subsurface geological data

F IGURE 15

Therefore, the Technical Associates conclude that nuclear excavation cannot
safely be considered as a technique for assured construction of an interoceariic
canlal in the near future.

(2) Future Development
The economic advantages of nuclear explosions for excavation of the vw:,y deep

cuts required by an interoceanic canal are so great that the present "Plowshare"
program should be continued, extended, and pursued vigorously until definitive
answers are obtained. Assured application of this technology to design and
construction of an interoceanic canal will require an order;v progression of tests
up to full prototype size, including full-scale row charge tests, in generally
comparable rock types, terrain and environment. Such a program may well
require another ten to twenty years to establish whether or not nuclear
excavation technology can be used with positive assurance of success for
construction of a canal along Routes 1 7 or 25.
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(3) Application to Excavation in Clay Shales
A growing body of knowledge and experience indicates that high slopes in clay

shales, as in the Chucunaque Valley, or in more competent rocks underlaid by
clay shales, a.. in parts of the existing canal, may have to be very flat for long-term
stability and to avoid the danger of massive slidzs in the first few years after
excavation. Some attempts have been made to produce such flat slopes by
elaborate explosive techniques, such as over-excavation in anticipation of slides,
multiple row charges, and successive series of explosions or "nibbling" techniques
for application to problems such as construction of a sea-level canal across the
Chucunaque Valley. The Technical Associates believe this t0 be a highly
unpromising line of investigation with minimal chances of develuping procedures
that could be used with assurance in the foreseeable future.

Experimental channel excavaied by chemical explosive row charges a, Fort Peck, M,,ntana

FIGURE 16

In a letter (tInclo'sure 3) to the Canal Study Commission near the end of the sea-level
t.can1 istuldiCs, the Chaiirmilan of the Atomnic Energy Commniss ion reported that ,ny decis.ioi to
construtc,:t a se:i-level canal inl the near jUt ture must be ilnlie withlott reliaince upt)oll the
availability of nuclear excavation, lie expressed the A '("S view thilnt giVw'c 'illtls and
authorization, the teclhnical prohlesn, oft ntuclear xc\ý.avation cOM!d t,(. solvCd witbin Ia
relatively slhu)rt lime that eiach adiep which has heeti taken in dev,'loping nuclear ex,:av,.tion
techinology lii resulted in lowerin.e the potenlial risk involved, that increased u tMICers-iInldil g
o1 the catering ineclianisii liha inicreasCeI !)Clie in the pctenakil benefit of this uildertu-king
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for mankind; ind that, if for any reason a decision to construct an interoceanic canal is
delayed beyond the next several years, nuclear excavation technology might be available for
canal constructic ii.

It is clear that the technical feasibility of using nuclear explosives for Isthmian canal
construction has not been established and that any conclusion as to its technical feasibility
in the future for this purpose would be a speculative judgment of the potential of nuclear
excavation fo: the most sophisticated task that could be asked of it. It is equally clear that
the United Stttes could not propose such excavation until the reliability of the technology
for such an application has been proved unconditionally.

Although mindful of, and in essential agreement with, the AEC's prognosiN of eventual
availability of ýi nuclear excavation technology, the Canal Commission believes that many
experiments will be required in combination with practical applications in smaller projects
before the necessary degree of confidence can be assured. Although there is a considerable
body of scientific and engineering opinion that the technology has already been sufficiently
developed for application to projects of moderate size, such as harbors and highway cuts, it
is the view of this Commission that its perfection to, use in canal excavation on Routes 17
or 25 is many years away.

Acceptability of Nuclear Canal Excavation
The political constraints upon the use of nuclear explosives for canal excavation were

recognized at the time the Commission's investigation was authorized by the Congress. It
was reasoned in the authorization hearings, however, that establishment ot the technical
feasibility of nuclear canal excavation through experiments and practical applications of this
technology within the United States would ease removal of treaty constraints and other
political obstacles to its use for canal excavation. This reasoning was valid in 1964 and
remains so today, but neither technical nor political developments have proceeded at the
expected pace. Conseque'itly, the international and local obstacles to nuclear canal
excavation are essentially unchanged from 1 ,4. Although there have neeon encouraging
developments in international treaties bearing upon nuclear excavation, the Limited Test
Ban Treaty constraints remain in effect, and the Commission's studies indicate that
prospective host-country opposition to nuclear canal excavation is probably as great if not
greater than estimated in 1964.

The Limited Test Ban Treaty enjoins its signatories from conducting any nuclear
explosion which causes radioactive debris to be present outside the territorial limits of the
state tinder whose jurisdiction or control such explosion is conducted. The United States
recognizes, because there seems to be no possibility of excavating an isthmian canal wit,
nuclear explosives without transport of so)i,, radioactive material across territorial
boundaries, that this provision could prohibit nuclear excavation of a sea-level canal. It was
also recognized by the United States and other signatories, including all canal-site countries,
that nuclear excavation for p.accful purposes could later become practic;ible and mutually
acceptable. Consequently, the Treaty was drafted to provide simple amendment procedures,
requiring only the concurrence of the United States. Great Britain, Russia. and a simple
majority of the parties to the Treaty.

Two other treaties bearing uponi control of nuclear explosions have corie into force
subsequent to th' ratification of til Limited Test Ban Treaty. Both contain specific
provisions deligncJ to facilitate the use of nuclear explosions for peaceful purposes,

enCluding excavation, when the technology is developed andl when mu t call y acceptable
procedures are established. In thil Treaty of Tlatelaco (hlie !atin American Nuclear Free
Zone Treaty) tifteer' Central and South American countries, including all Wk 1iiliaii cainal-site
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countries, agreed to exclude nuclear weapons from their territories but specified conditions
for mutual cooperation in the employment of nuclear explosives for peaceful purposes.

The international agreement most encouraging for the future development of nuclear
excavation technology is the Nuclear Non-Proliferation Treaty now ratified by the three
principals and a majority of the signatories of the Limited rest Ban Treaty. Article V of this
Treaty provides that:

Each Party to the Treaty undertakes to take appropriate measures to ensure
that, in accordance with this Treaty, under appropriate international observation
and through appropriate international procedures, potential benefits from any
neaceful applications of nuclear explosions will be made available to non-nuclear-
weapon States Party to the Treaty on a nondiscriminatory basis and that the
charge to such Parties for the explosive devices used will be as low as possible and
exclude any charge for research and development. Non-.nuclear-weapon States
Party to the Treaty shall be able to obtain such benefits, pursuant to a special
international agreement or agreements, through an appropriate international body
with adequate representation of non-nuclear-weapon States. Negotiat;ons on this
subject shall commence as soon as possible after the Treaty enters into force.
Non-nuclear-weapon States Party to the Treaty so desiring may also obtain such
benefits pursuant to bilateral agreements.
The obligation assumed by the nuclear powers under Article V creates an environment

conducive to gaining international agreement upon modification or interpretation of the
Limited Test Ban Treaty to permit nuclear excavation projects. Discussions at the technical
level between United States and Russian representatives in 1969 and 1970 indicated that
Russia has great interest in the nuclear excavation technology and may be considerably
ahead of the United States in its development. These conferences produced joint statements
in favor of continued discussion of the technical aspects of peaceful nuclear excavation
technology; specific arrangements for dealing witii the constraints of the Limited Test Ban
Treaty remain to be initiated.

Opposition to release of additional radioactive material in the world environment
probably would not be stilled by negotiation of a Limited Test Ban Treaty modification
authorizing peaceful nuclear explosive excavations. Many pcople throughout the world,
includiing ,ome scientists, may remain convinced that the levels of radioactivity expected to
be released to the environment would not be acceptable.

The Commission's Study of Foreign Policy Considerations (Annex I) concluded that
within the canal-site countires, fear of the effects of nuclear explosions and fear of economic
dislocatious could create major obstacles to nuclear canal excavation. The problems differ in
magnitude among countries, but none appears easily overcome.

It was found that more than a half-million people would have to be evacuated from
areas of Nicaragua and Costa Rica to permit nuclear exclvation of Route 8. The
Commission then concluded that nuclear excavation of this route should be given no further
consideration.

The evacuation requirements for Route 17 are formidable at this time and will grow
more so witl: the passge of time as the Darien area de,,eiops economically. The evacuation
area includes the honmclands of ('hoco and Cuna Iridian tribes with primitive cultural
attachmcemts to their lands that could not be broken easily. A larger area extending to
Pallanma City on t he wcsi and Colomtia on the east would be subject to possible ground
inotion aiid airblast .laniage. The poential damages to masonry structuires anad window
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panes outside the evacuation area would not be costly to repair, but the inconvenience to
thousands of inhabitants could be considerable. An additional major obstacle for Route ! 7
construction is the prospect of economic losses and dislocatins in moving canal operations
away from Panama's metropolitan centers (See Chapter VII). T'hese economic disturbances,
the imagined dangers of nuclear excavation, and the objections to evacuation of inhabitants
from the Route 17 area could cause widespread Paniamanian opposition to a Route 17 canal.

The employment of nuclear explosives in the Continental Divide area of Route 25 in
Colombia would involve lesser problems of acceptability than wculd nuclear excavaiic, in
Panama. The land area of evacuation would be only one-half as large. Although :r.any of the
inhabitants of this area are Choco Indians whose removal would present probler- s similar to
those expected in Panama, the total evacuation requirement would involve only one-quarter
as many people. The required precautions against airblast and seismic shock would affect an
area of nearly the same magnitude as for Route 17.

The problems of public acceptance of nuclear canal excavation probably could be
solved through diplomacy, public education, and compensating payments. However, the
political and ftnancial costs to the United States in obtaining such acceptance could offset
any potential saving in construction costs and gains in intangible benefits. Obviously, a wide,
deep channel constructed at low cost by nuclear excavation would have specific advantages
in military security and ship-size capacity in comparison with a conver tionally excavated
canal. However, compensation costs unique to the dislocations and damages associated with
nuclear excavation, costs that not only would be incurred prior to and during construction
but also might be incurred for many years thereafter, would remain un'nown quantities
until actually negotiated. Although pioneering in such a massive nuclear e:cavation project
would certainly add to the scientific and engineering stature of the United States,
proL.eeding with nuclear construction against extensive minority oppositioi would detract
from that prestige.

Summary
In the judgment of the Con-. mission, the current prospects of nuclear canal excavation

are:
- At the present state of development of the nuclear excavation tchnology the

feasibility of its use in excavation of an Isthmian sea-level canal has not been
established. It is possible that the technology can be perfected to where such an
application is technically feasible, but many more nuclear excavatioi experiments
are needed. ' lchnical, political, and budgetary consiraints probably will continue
to slow development of the technology.

- The outlook on balance favors eventual attainment of international Icceptance of
practical applications of the nuclear excavation technology, but the time needed to
establish th,. necessary arrangements under the Limited Test Ban Treaty is
unpredicltable.
It is not possible at this time to determine whether a nuclear excavated canal would
be accept;,b',c to Panama. The use of nuclear excavation on Route 17 may be
precluded by economic developments in the vicinity.
It is unlikely that nuclear excavaiion will become technically feasible on enough of
Route 17 to permit substantial cost :,aviiigs in comparison with the cost of
all-conmentional sea-level canal construction elsewhere in lPanalma.
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It is probable that the technical feasibility and cost advantages of the use of nuclear
explosives for excavation of portions of Route 23 in Colombia could be established
by an adequate program of experiments. The future acceptability of such a canal in
Colombia cannot now be determined.
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CHAPTER V

GENERAL CRITERIA

Evaluadon of the costs of the several routes considered for construction of a sea-levcl
canal required that the basic criteria ot design and constru,!ion be the same for each route.
These criteria include: the maximum size of ship to be accommodated: the maximum
acceptable velocity of tidal currents: the size and shape of !he navigation prism: the side
slopes of the excavation above the water surface required for stability: and the methods of
construction.

Size of Ships
Panama Canal and very few ports in the United States can accommodate hrger ships. The

world fleet, however, now includes many tankers and dry bulk carriers twice this size or
bigger. The Shipping Study Report (Annex IV) predicts that the proportion of such ships in
the world fleet during the period from 2000 to 2040 would probably be as shown in Table
11.

The Comw, ission concluded from the cý .dta th:lt ,he demiads of flri nrC world
commerce would adequately be mie by providing Io6 the ,m, ,h , , (,014) 0•W l
under all normal conditions of operation of a scaievel canai between the Atlantic and
Pacific Oce, ns.

TABLE 11

FORECAST PROPORTIONS OF SUPER SHIPS IN THE WORLD FLEET

Size Equaled or Exceeded - DWT

Class Year 100,000 150,000 200,000

Freighters 2000 None None None
2020 None None None
2040 None None None

Bulkers 2000 3% 2% 1%
2020 6% 3% 2%
2040 10% 3% 2%

Tankers 2000 16% 5% 2,"6
2020 28`'" 100/ 3%
2040 44% 18% 8o

"*See I 00t 1hole 011 1139Ct .•5.
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Transit Capacities
Traffic through the Panama Canal has built up to more than 15,000 ships per year. It is

estimated by the Panama Canal Company that the future limit, without construction o!'
additional locks, will be 26,800 transits per year.

Recent trends ndicate that tile average amount of cargo per ship will increase more
rapidly in coming years than will the number of transits because of the increasing numbers
of large bulk carriers and tankers appearing in the canal ship mix. This divergence of the
growth rates of cargo tonnages and ship transits -;'ould undoubtedly become greater with
the opening of a sea-level canal that could accominodate ships of 150,000 DWT or greater.

The Commission concluded from the studies described in Annex IV that the demands
of world commerce would be well satisfied by providing for 35,000 transits per year initially
by means that would not preclude later expansion to at least double or even treble that
number.

Navigation and Tidal Currents
Safety of navigation of a se' -levei canal will be a controlling factor. The existence of

currents will impose few restraints on the passage of small ships but very large ships might
be unmanageable in an unrestricted canal under adverse tidal conditions.

Tidai flvctuations in the Atlantic along the isthnius of Panama are small and somewhat
eiiatic. The tides on the Pacific side, on the other hand, are large and quite regular. The
resulting variations in level for a typical period are shown on Figure i7. The nican level of
the Pacific at Balboa averages eight inches higher than in the Atlantic at Cristobal.

If an unrestricted sea-level canal were built to connect these oceans, there would thus
be oscillating flow with net movements of water from the Pacific to the Atlantic. The
currents so produced would depend on the difference in levels at the time, on the length of
the canal, and oi the size and shape of the navigation prism. The magnitude and direction of
such currents at all points a'ong the seve-al canals considered are set forth in Annex V
together with a description of the mathematical methods used to compute them. It was
found, for example, that on Route 10 the velocities of flow would be greatest at the
Alantic entrance and would reach 5.1 knots on a few days eacl year and 3.7 knots under
average tidal conditions. Velocities of flow in a nucle,,r excavated canal would be
substantially greater, because of its greater cross-sectional area.

The Commission conducted extensive studies to determine the concrollability c - -hips,
with consideration of the effects of currents, in a navigation prism of restricted width anc
depth; these included a review of operating conditions in existing canals and restricted
waterway: a comprehensive mathematical analysis, and a series of tests of large-scale ship
models in a confined channel.

These studies indicate that:
I. The desirable speed of ships with respect to the land is 7 knots, equivelant to 8.05

statute miles per hour.
2. The speed of ships with respect to the water sihuld not be less than 4 knots for

ships smjler than 50,000 DWT nor less than 5 knots for larger ships.
3. At least one powcrk'ul tug should be provided ."r control of each ship long enough

to cause blocJ ::ge of thli channel should the forward speed of this ship become less
Man the veloci I, of the following current.

4. l'owcrfnl tugs '.hould also be provided for assistance in stopping and for additional
t ontrol cf all large ships and ot sinall ships of limited maneuverability.
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a IL

"Tug assistance is required for all large ships in the present can-d and is expected to be similar.; requi, 'd in a se .A-level canal.

FIGURE 18

Tidal Checks
The uncertainty of safety of navigationi under all tidal conditions led to consideration

of a new concept: the installation of a tidal control structure at each end of a lo ig restricted
reach to limit the velocities of flow in a sea-level canal. It is contemplated that on;. structure
and gate would be located close to the Pacific entrance and another 24 to 25 miles north
thereof. The check gates would be moved alternately into position across or out of the
channel at intervals of 6.2 hours or some multiple thereof when the Pacific is at the same
level as the Atlantic. Under these conditions, the maximum velocity of flow would be
approximately 2 knots at the Pacific entrance and less elsewhere. It is also contemplated
that structures for gates would be built close to the Atlantic entrance where, if a gate were
installed and employed alternately with the Pacific gate, the maximum velocity could be
held to approximately 3 knots.

The contemplated tidal controls do not resemble the tHdal lock and by-pass arrangement
proposed in the 1947 Study. The gates would not function as locks; no lilting of ships
would be involved, and no ship would have to stop in transit. They would be operated as a
pair; one would be rolled or floated into position across the channel at an appropriate time;
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I

Scale model of a 250,000 DWTr tanker undergoing tests in the Naval Ship Research and Development Center to determine

the controllability of large ships in a sea-level canal.

FIGURE 19

the other would be moved simultaneously back out of the way of oncoming ships. Their
position would then be reversed 6.2 or 12.4 hours later.

These tidal check gates would not have significant milita.y vulnerability. Even if one or
both should be rendered inoperational by sabotage or military attack, they could easily be
removed from the channel. The higher tidal currents then encountered would not materially
impede the movement of wa;-ships and military cargo vessels through the canal. Figure 20 is
an artist's sketch of a tidal zheck structure at one end of the bypass in a sea-level canal.

The use of tidal chec;ks at the ends of' a one-way channe! would require that all s~iips be
transited in convoys, scheduled to arrive at a check just after 't is opened so that no ship
would have to stop or materially change its speed. These times will not be random;, they can
be predicted accurately many months in advance 4'ter a few observations are made to
measure the lag in time with respect to the Pacific tides.

The length of each convoy will necessarily be limited by the distance between the tidal
checks. It has been found, as described in Annex V, that 4 ship lengths from bow to bow
would be a satisfactory average spacing. This distance between ships plus an allowance of at
least one mile of clear space ahead of the first ship in a convoy and of one-half mile behind
the last ship gives the following for certain critical locations of checKs:
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Artist's Sketch of a Tidal Check at the Entrance to a Bypass Channel

FIGURE 20

TABLE 12

MAXIMUM NUMBERS OF SHIPS IN CONVOYS
WITH TIDAL CHECKS IN USE

DISTANCE IN MILES NUMBER OF SHIPS
BETWEEN CHECKS IN CONVOY

14 24
25 46
36 68

The shortest distance shown in this tabulation is that between the ends %,f a bypass,
consisting of 2 separate one-way channels, that could be constructed to augment the
transit capacity of a single-lane channel on Route 10. The largest distance is that between
the Pacific and Atlantic entrances of a canal on either Route tO or Route 14. The
intermediate distance is the longest that would permit the use of an 18.6 hour convoy cycle;
it also would put a tidal check at the Atlantic end of a future bypass on Route 10.

The Commission elected to include in the designs structures for support of tidal ga,..s at
or near the ends of each sea-level canal under consideration except Route 25, at each end of
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the potential bypass on Route 10, and at a point 24 miles north of the Pacific entrance of
Route 14.

Figure 21 schematically portrays the location and operation of the tidal checks in the
single lane configuration. Figure 22 similarly shows the operation of the bypass
configuration.

Cross Section of Navigation Prism
The Commission recognized early in its studies that the transit capacity of a single-lane

channel on all but the very long routes would meet all probable demands for many years
and that this capacity could most economically be augmented by the addition of a bypaiss.
The Commission also recognized that the cost of construction would be increased greatly by
providing for two-way traffic, because the width of a two-way channel should be more than
double the width of a single-lane canal.

It was developed from the comprehensive studie: 'acribed in Annex V that any of the
following combinations of ship speed, channel width, and channel depth would provide
equal navigability for 150,000 DWT ships:

TABLE 13

SINGLE-LANE CHANNEL DIMENSIONS FOR
SAFE NAVIGATION OF 150,000 DWT SHIPS

Speed in Water Bottom Width Water Depth
Feet Feet

9 Knots 500 72
5;0 60

11 Knots 550 85
600 77
650 65

The Commission recognized that the 9-knot ship speed in the water was for the
condition of 2-knots current with tidal checks in service and that the Il -knot ship speed was
based on passage against a 4-knot current. It accepted, however, the recommendation of its
Engineering Agent that this higher velocity be used for cost estimating purposes because it
may be found practicable over the years to operate in currents of this velocity, and because
it would permit passage of 250,000 DWT ships under controlled conditions.

The Commission, therefore, elected to use for all conventionally excavated channels a
single-lane navigation prism, having a bottom width of 550 feet, a center depth of 85 feet,
and a depth at the sides of 75 feet.

Side Slopes of Excavation
At the time the Panama Canal was built there was little knowledge of soil and rock

mechanics and much steeper slide slopes were used than would now be customary. Most of
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the slides along the Panama Canal have stemmed from this cause.
The Technical Associates of the Commission, after review of geologic and other

conditions along the existing canal and the several routes for a sea-level canal, recommended
that the slope criteria given in Table 14 be used in calculations of the quantities of material
to be excavated,

The proper side slopes for deep excavation in hard rock and soft rocks were also
investigated by the Engineering Agent. as described in Annex V. The findings of this study
were consistent with the recommendations of the Technical Associates. The Commission
accepted, for purposes of evaluating the costs of construction of a sea-level canal on each of
the severai routes, the recommended slope criteria.

Construction Methods
The potential of nuclear excavation is discussed in a separate chapter; hence, this review

of construction methods is limited to conventional procedures.
Excavation will be the largest item of cost of a sta-level canal on any of the routes

considered, because of the tremendous volumes o" material to be removed. The unit costs
(dollars per cubic yard) wiil vary widely depending on the nature of thc materials and
whether or not the channý aius, be excavated below wate, The unit cost of excavation of
hard rock will naturally 1,-, more than that of soft rock. Tht unit cost of removal of any
material will be less if the work can be done above water than if it has to be dredged, except
for unconsolidated depo•:.ts at moderate depths.

The Commission recognized that, in the years before actual construction of a sea-level
canal would be started, there probably wiil be major changes in methods and improvements
in equipment, but it directed that all estimates of cost be based on proved methods of
constructiun and on only foreseeable improvements of equipment now available. Four
general rnethods of excavation and their application to the different routes are described in
Annex V. These methods are:

I. Power shovels and truck h.-,t disposal for isolated portions of the wc.. arid to
remove the top.. u" hills.

2. Power shovels arid railroa' ,'.ji' disposal for the major portion of all excavation
above water.

3. Barge mount,.d shovels or draglines or bucket dredges and barge haul disposal of
material exyavated below water.

4. Hydraulic dredges and pipeline disposal of unconsu,.dated sediments below water.
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TABLE 14

RECOMMENDED SIDE SLOPES OF EXCAVATIONS FOR
DIFFERENT MATERIALS AND HEIGHTS

Nature of Material Side Slopes of Cut
Horizontal - Vertical

High Quality Rock 0.375 Overall Including
Construction Benches

Intermediate Quality Rock 0.625 Overall Including
Construction Bencheq

Low Quality Rock Height of Cut in Feet
Such as Clay Shale 100 200 300 400 500

Condition A 1.0 4.1 6.0 7.5 8.6

Condition B 1.0 5.3 7.8 9.5 10.7

Condition C 1.0 6.4 9.2 11.4 13.0

Condition A: For locations where the canal would be remote from the
existing canal. (The existing canal would be available for
t,'e during a proving period.)

Condition B: For locations where the canal would be separate from the
existing canal but in close proximity. ( xcavation would be
performed in the dry and gradual drainage would be possible
during construction. An observational period would be
available prior to the canal becomir g operational.)

Condition C: Locations where the canal would be adjacent to the existing
canal in an area with a history of sli•es. (The area would have
undergone long-term creep, and the slopes would be subject
to rapid drawdown. The maintenance of traffic on the
Panama Canal during construction is considered.)
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Earth slide blocking the Panama Canal in the Gaillard Cut, October 19 15

FIGURE 23
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CHAPTER VI

ENVIRONMENTAL CONSIDERATIONS

Construction of a sea-level Isthmian canal would impact on the land and ocean
environments in several ways. The physical effects can be estimated with some confidence
for both. The total effects upon land ecology 'an also be estimated with confidence, but tl:•
effects upon ocean life afe now uncertain because of the dearth of knowledge of the
regional ocean ecology.

The Land Environment
Canal excavation on any route would require clearing a right-of-way across the Isthmus

and disposal of great volumes of spoil on land .ne, off-shore. These effects from
conventional excavation would extend a few thousand yards from the canal routes; tiie spoil
areas and destruction of forested areas incidental to nuclear excavation would t)e mcrke
extensive. The excavation and spoil disposal plans for each conventionally excavated route
provide for containment of most spoil in areas where runoff woult be least harmful and
where the fill would be most useful.

Stream courses would be altered where they intersect a canal on any route.
Construction of a see-* vel canal on either Route 10 or Route 14 would divide Gatun Lake;
in the case of Route Ih, there would be no material change in total area, bui on Route 14
the remaining surface area ,vould be about 62 square miles as compared to ie present area
of 165 square miles.

The Panama Canal is already a barrier to faunal migration along the Isthmus. Any new
canal would be an added barrier.

Detailed estimates of the areas that would be affected on each route are contained in
A~mnex V, Study of Engineering Feasibility, together with specific estimates of potential
environmental effects. It can be concluded from these estimates that all permanent effects
on land areas would be limited to the immediate vicinity of the canal routes and would
result in no harmful ecological changes of significant magnitude. For the conventionally
excavated routes, the potential changes of the land environment and the freshwater ecology
appear to be less than those that were created by construction of the existing canal which
required the creation of Gatun Lake.

Medical experience in Central America and medico-ecologic studies performed for the
Commission have demonstrated the need for stringent and continuing preventive-medicine
measures and a responsive medical support program. insect and rodent control, waste
disposal. and health education would be particularly important. Immunization would be
directed primarily against yellow fever, smallpox, typhoid fever, and tetailus. A special
effort would have to be made to control malaria and other parasitic diseases, enteric
diseases, and other tropical ailmentj. The present conditions in the Car1 Zone denionstra,e
that a healthy environment can be achieved with a wel! planned and executed mediLal
prog.am.
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The Ocean Environment

Physical Effects
The permanent physical changes, e g., temperature, currents, and salinity, to the ocean

environment as a result of opening a sea-level Isthmian canal would be small and limited to
areas adjacent to the canal entrances. The water level on the Pacific side, twice each day, rises
from 5 to 1I feet above and falls 4 to 10 feet below that on the Atlantic side. A sea-level
canal without tidal control structures would thus have strong currents that would change
direction twice each day with the rise and fall of the tides. While no single tidal phase would
endure long enough to cause a complete flow-through of water from one ocean to the other,
there would bc a gradual net transport of water from the Pacific to the Atlantic because of
the slightly higher mean sea level of the Pacific. The transported water, however, would be
drawn from the upper levels of Panama Bay where it is already within a few degrees of the
water temperature on the Atlantic side. It would tend to become warmer as it moved back
and forth in the canal until it ultimately emerged at the Atlantic end. The predicted effects
on the receiving ocean's temperatures or currents are insignificant.

Spoil disposal and breakwater construction would considerably alter the existing shore
,.oifigurations and fill in large offshore areas. However, similar operations affected almost as
large an area in the construction of the present canal. Colon on the Caribbean side and Fort
Amador on the Pacific side were once ocean areas. No harmful environmental effects have
been identified with these large landfills.

Underwater excavation on Route 14 would have a very substantial effect on the water
in Gatun Lake; there would be some effect also caused by underwater excavation in the
approaches to any canal. Excavation in the dry, however, which would represent most of
the york on Route 10, could have only a nominal effect upon ocean areas near the
entrances. It is unlikely that sediment would be carried in canal flows, predominantly from
the Pacific to the Atlantic, in excess of the sediments tnat would reach the oceans naturally.

Biotic Interchange
An ,inobstructed sea-levei canal across the Isthmus would allow relatively easy passage

of marine organisms. Cert:rin forms of marine life now pass through the Panama Canal even
though Gatun Lake provides a highly effective biotic barrier. Barnacles and other immobile
organisms are carried through on the hulls of ships, and a variety of small plants and animals
is cairied in ballast water fr'om one ocean to the other. Transfers of marine life by these
means have been taking place continuously for more than 50 years. No harmful results have
yet been identified in either ocean as resulting from them. However, linking the oceans with
an unobstructed salt water chann,;i would greatly facilitate the movement of thcse and other
organisms.

Taxonomic studies indicate that the Atijntic and Pacific Ocean species along the
Isthmus are closely .elated, even though few are identical. The similarity results from the
linking of the Atlantic and Pacific Oceans until recent geologic time, perhaps 3 million
years ago. Concern has been expressed about the potentially undesirable biologic
consequences when such closely related species are allowed to intermingle and about the
ecological consequences of the mc.ernent of marine organisms generally. Marine biologists
are not in agreement on this subject; their predictions range from disaster to possible
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beneficial results.
Because of the great divergence of views on the ecologicai cuisequences of a sea-level

canal, the Commission had ; study made of the potential effects. This study, a limited one
because of time and fund constraints, was accomplished by the Battelle Memorial Institute
(BMI) in association with the Institute of Marine Sciences of the University of Miami. The
ocean populations on both sides of the Isthmus were studied, giving special attention to the
fish and crustaceans that are important to commercial and sport fishermen. The potential
transport of water, chemicals, sediment, and planktonic organisms between the oceans was
mathematically modeled and the resultant effects postulated. The BMI findings are
summarized as follows:

On the basis of the limited ecological information currently available we were
unable to predict the specific ecological consequences of marine mixing via a
sea-level canal. Preliminary modeling studies indicate that the net flow of water
would be from the Pacific to the Atlantic. This would result in minor
environmental changes near the ends of the canal and near the shore to the east of
the Atlantic terminus. Passive migration of planktonic organisms would occur
almost entirely in the same direction. Active migration of nekton could occur in
either direction, but environmental conditions in the canal would favor migration
from the Pacific to the Atlantic. We have found no firm evidence to support the
prediction of massive migrations from one ocean to another followed by
widespread competition and extinction of thousands of species.

Evidence currently available appears to indicate a variety of ;- diers to migration
of species from one ocean to another and/or the subsequent establishment of
successful breeding colonies in the latter. Environmental conditions in the canal
would constitute barriers to the migration of both plankton and nekion, and the
effectiveness of these barriers could be enhanced by engineering maiipulations of
freshwater inputs to the canal and other artifical means. The marine habitats and
biotic communities at the opposite ends of most proposed sea-level canal routes are
strikingly different. Where similar habitats do occur on both sides of the Isthmus,
they are already occupied by taxonomically similar or ecologically analogous
species. These differences in environmental oonditions on the two sides of the
Isthn,!s and the prior occupancy of similar niches by related or analogous species
wouid constitute significant deterrents to the establishment and ecological success
of those species which may manage to get th-ough the canal.

It is highly improbable that blue-water species like the sea snake and the
crown-of-thorns starfish could get through the canal except under the most unusual
circumstances. On the other hand, we can be fairly certain that some Pacific species
could pass through the canal and could become locally established in the Pacific
waters of the Atlantic. It is also improbable that these species would be able to
survive in the Atlantic outside the region of environmental modification due to
water flow through the canal. The Pacific species most likely to become established
along the Caribbear shore are those of estuarine and other shallow-water habitats,
the very habitats that have been least thoroughly studied.

To improve the precision and reliability of these and similar ecological
predictions would require additional information and quantitative data which
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could be provided only by a comprehensive program of field, laboratory, and
theoretical (modeling) studies. Extensive taxonomic surveys would be required to
improve our knowledge of the biota of the Tropical Western Caribbean and
Tropical Eastenr Pacific. Except for a few economically important species,
ecological lite history data are virtually non-existent. Basic biological studies
would be required to obtain such information. The geographical extent and
physiochemical characteristics of the marine habitats on the two sides of the
Isthmus are imperfectly known from a few cursory surveys. The species
composition and functional-ecological structure of the biotic communities that
characterize these habitats are imperfectly known and inadequately understood.
The parameters required to predict the flow of water and plankton through the
canal have not been adequately measured. The processes of migration, establish-
ment, and competition have been but little studied and are not well understood. To
remove these deficiencies in our knowledge would require a comprehensive,
long-term program of well-coordinated physical oceanography, marine ecology, and
basic marine biology studies.
The risk of alverse ecological consequences stemming from construction and operation

of a sea-level Isthmian canal appears to be acceptable. Since it is not possible to determine
the specific ecological effects without extensive studies before, during, and after
construction, the Commission requested the National Academy of Sciences (NAS) to
recommend a program of long-term studies to be undertaken if the decision is made to build
a sea-level canal. The complete NAS report and recommendations, together with the report
of the BMI study, are included in Appendix 16 to Annex V, Study of Engineering
Feasibility.

Should future research indicate the need for a biotic barrier in addition to tidal gates it
would be possible to install a temperature or salinity barrier. No such barrier was ircluded in
the designs, because the need for anything in addition to tidal gates has not been
established. A thermal barrier created by discharge of hot condenser water from a power
plant into the canal between the tidal gates would be feasible, although the co.ots would be
high. Delivery of fresh water from Gatun Lake into a Route 10 or Route 14 sea-level canal
between the tidal gates would be practicable, but the available supply of water is limited.
Continuous operation of tidal gates on either Route 10 or Route 14 would accommodate all
potential tLaffic past the year 2000, by whicti time the consequences of increased migration
of biota through the canal should have been determined.

Combined Effects
The environmental impact statements required by Sestio., 102 of the National

Environmental Policy Act of 1969 (Fublic Law 91-190) are included ip An,'ex V, Study of
Engineering Feasibility. These statements cover not only the effect of mixing the oceans but
other environmental changes which could be expected as a result of constructing a sea-level
canal.
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CHAPTER V1I

ANALYSIS OF ALTERNATIVES

Ihe choice of a feasible sea-level canal excavated by conventional means is limited to
Routes 10 and 14. In the analyses which follow these two alternatives are examined in
detail.

The route technically most promising for construction using nuclear explosives is Route
25 in Colombia; this is analyzed for possible future consideration, should the feasibility of
nuclear excavation eventually be established. A limited analysis of Route 17 is also included,
although its selection is considered unlikely.

As a basis for evaluating the incremental costs and benefits of a sea-level canal, an
analysis of augmentation of the existing lock canal is also provided.

Each of these alternatives is evaluated on the bases of its engineering feasibility, cost,
capacity, expandability, political acceptability, and its defense aspects.

Routes 5, 8 and 23 are analyzed only briefly, inasmuch as they are clearly less desirable
than other routes.

A brief description of the capabilities of the present lock canal is provided as a point of
departure.

The Panama Canal
The existing lock canal (Route 15) consists of short sea-level approaches to an elevated

midsection formed by Gatun Lake, which is regulated between elevations 82 and 87 feet
above sea level (Figure 24). The Gatun Locks on the Atlantic side consist of parallel twin
locks of three equal lifts. On the Pacific side there are two lock structures - a double lift at
Miraflores which raises transiting vessels to an intermediate pool called Miraflores Lake, and
a single lift at Pedro Miguel raising the vessels to the level of Gatun Lake. All lock chambers
are 1,000 feet long, 110 feet wide, and at least 41 feet deep. The lock dimensions limit
transits to ships with lengths of less than 1,000 feet, beams of not more than 106 feet, and
drafts of less tI an 40 feet (approximately 65,000 DWT). Its annual capacity is now limited
by the availab!e water supply to approximately 18,000 transits per year. The ultimate
capacity of the existing locks, upon completion of the long-term improvement program of
the Panama Canal Company, is estimated to be 26,800 annual transits. This program.
involving costs of approximately $100 million, includes provisions for pumping sea water
into Gatun Lake or recirculating lockage water.

Alternatives Eliminated from Further Consideration
Routes 5, 8, 17, and 23 were found to have disatieantages of sufficient magnitude to

eliminate them from consideration as alternatives to other routes. The reasons for doing so
are briefly summarized. Details are in the Annexes to this report.
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Gatun Locks at the Caribbean end of the Piainma Canal

FIGURE 25

Widening the Panama Canal channel frar. -,1 feet to 500 feet waa completed in 1970.

F I (JRE 26
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Miraflores Locks and excavation for third locks at left. Pedro Mfiguel Lock and Gaillard Cut are in the background.

FIGURE 27

The Panama Canal is now lighted throughout its length and operates around the clock.

FIGURE 28
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Route 5 Lock C~anal (Figure 29)
Data available from 1931, 1947, and 1964 studies of the 167-mile route in Nicaragua

indicate that a lock canal capable of accommodating 110,000 DWT ships and having
approximately the same annual transit capacity as the existing Panama Canal would cost
about $4 billion. A lock canal designed to meet the 150,000 DWT ship size and 35,000
annual transit capacity criteria would cost much more.

Route 8 Sea-Level Canal Excavated by Either Nuclear or Conventional Excavation
A sea-level canal on Route 8 through Nicaragua and Costa Rica (Figure 29) would cost

an estimated $5 billion to construct by r.•uclear methods, if available, and $11 billion by
conventional methods. This latter cost is prohibitive, and nuclear excavation is infeasible for
the 'reasons given in Chapter IV.

Route 17 Sea-Level Canal Excavated by a Combination of Nuclear and Conventional
Excavation

Route 17, approximately 100 miles east of the present Panama Canal (Figure 30) is
remote from Panama's developed areas - an essential requirement for nuclear excavation.
Approximately 30 miles of its length through the high elevations (that involve the greater
portion of the total excavation volume) appear technically suitable for nuclear excavation.
Estimated construction costs, assuming partial nuclear excavation would be feasible, total
$3.1 billion - more than the estimated cost of all-conventional construction on 1Koute 10 or
Route 14.

The problems related to nuclear excavation described in Chapter IV are not the only
obstacles to a Route 17 canal. Panama could be expected to object, for the Route would
involve major dislocations of the economy of Panama. Panama City and Colon depend upon
the present canal and its associated military bases directly and indirectly for some 74 per
cent of their economic activity. Although the United States military bases could be left
where they are if canal operations were transferred to Route 17, a large phasedown of
eniployment and business activity would accompany the closure of the present can?',. The
Stanford Research Institute estimates that employment within 30 miles of the present canal
would decline by 45,000 with the changeover to Route 17 and only 36,000 new jobs would
develop in the new are.. rne total Panamanian GDP is also estimated to grow somewhat
more slowly with the construction and operation of a Route 17 canal than with one on
Route 10 or Route 14.

Route 17 offers some military advantages because of its remoteness and its partially
nuclear excavated channel (Annex II, Study of Canal Defense). The wide, deep nuclear
reaches, comprising three-fifths of the total land cut, would be relatively invulnerable to
blockage by scuttled ships, making defense a less difficult problem than on other routes.
However, its potential advantages do not now appear to be significant in comparison with
the magnitude of the potential problems in nuclear excavation and in transfer of canal
operations away from the vicinity of the present canal.

Route 23 Conventional or Combined Nuclear and Conventional Sea-Level Canal
The sea-level canal on Route 23 (Figure 30), proposed by a representative of the

Government of Colombia, would have a itngth of 146 miles, including more than 27 miles
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Li

Line camp at 1000 foot elevation where Route 17 crosses the Continental Divide

FIGURE 31

of seaward approach channels. This alone makes it non-competitive with other routes.
Approximately one-third the length w,ýuld be in Colombia, generally along the trace of
Route 25, and two-thirds in Panama. The Pacific terminus would be the same as for Route
17 and its Caribbean terminus the same as for Route 25.

Were nuclear excavation feasible, about 20 miles through the Continental Divide would
be excavated by nuclear explosives. The remainder at lower -levations would be
conventionally excavated. Construction costs, based on the limited data available, are
estimated to ringe from $2.4 billion with paitial nucltar excavation to $5.3 billion for
excavation wholly by conventional methods.

The great !ength of a Route 23 sea-level canal would involve greater operating and
maintenance costs than would other routes. Althoug. there could b- political advantages in
having a canal pass through two host countries, the technical k"isadvantages of Route 23 and
the obvious economic disadvantages for Panama in a remote canal that shared its revenues
with Colombia combine to eliminate this rouse from further consideration.

Route 25 Conventional and Nuclear Sea-Level Canal
Route 25 (Figure 32) is wholly within Colombia near the Panamanian border. It is

approximately 200 miles east of the existing Panama Canal. Its total length is 101 miles. A
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The town ot Rio Sucio on the bank of the Atrato River. Excavation of this scction of Route 25 through the flood phdn of
the Atrato River would be accomplished by hydraulic dredging.

FIGURE 33

sea-level canal on this route would not be competitive in cost with other rot't,,. ;-;ithout the
economies promised by nuclear excavation.

Approximately 20 miles of Route 25 through the Continental Divide, the upper
Truando River Valley, and the Saltos Highlands would be excavated by nuclear explosives.
T'e remainder of the route, starting with elevations below 75 feet in thc Truando Valley,
would be excavated conventionally almost entirely by hydraulic dredging. Most of this
portion of the route is through the flood plain of the Atrato River at elevations only a few
feet above sea level. At isolated high spots and at the juncture of the nuclear and
conventionally excavated reaches conventional dry excavation methods would be used.

Hydraulic excavation along nearly 80 miles of Route 25 at low elevations would be
relatively inexpensive, and the incremental costs of wider channels would be small in
comparison with the costs of widei channels on other routes,

Two alternatives, shown schematically in Figure 34, are:
- The singic bypass configuration.
- The dual lane configuration.
In order to meet the initial 35,000 annual transit capacity L&-tIrion, the leihgth of the

route would require at least one bypass, which ideally should be locatie :It the center of tile
single-lane channel and be equal to one-third the length of that channel. The 101-rile length
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of a canal on Route 25 would limit peak tidal currents to 3 kncts. The capital cost of this
canal has been estimated, as shown in Annex V, to be $2.1 billion. However, as stated in the
report of the Commission's Technical Associates:

A valid comparison cannot be made between Routes 10, 14C and 14S, al!
of which would be excavated entirely by conventional means, and Routes 17
and 25, both of which require nuclear excavation for the planned
construction. Nuclear excavation is not yet a proven construction technique
and there is no assurance that construction plans and cost estimates based
on present knowledg,; are valid. Therefore, dollar cost comparisons at this
time have no true significance.

Alto Cunche weather station near southern end of Route 25

FIGURE 35

Colombia's lack of enthusiasm for a United States-controlled canal on her territory is
discussed in Chapter II, and the current uncertainties in regard to the feasibility of nuclear
canal excavation are described in Chapter IV. However, both the technical and political
prcspects of eventually employing nuclear explosives for canal excavation appear more
promising for Route 25 than for any other route.

Defense of a sea-level canal on Route 25 would present complex problems. Its land
length is nearly three times that of routes in Panama, and all defense facilities - buildings,
roads, airfields, etc. - would have to be provided. It is unlikely that United States military
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forces could be stationed in Colombia. Although the Colombian armed forces would be
capable of providing a measure of security for a Route 25 canal, outside assistance would be
required to provide a !evel of security acceptable to the United States.

A critical defense problem that would accompany construction on Route 25 is that of
security of the present canal during the 10- to 15-year construction period. If construction
were undertaken as a result of inability to reach agreement in negotiations for a new canal in
Panama, a hostile environment would almost certainly develop. In this event, defense of the
existing canal could be difficult and expensive.

At the present, a canal in Colombia controlled by the United States appears neither
desirable for the United States nor acceptable to Colombia. Should construction of a new
canal elsewhere be long deferred and the practicality of nuclear canal excavation be proved
in the meantime, it is possible that other factors bearing on the acceptability of a sea-level
canal in Colombia would have changed and Route 25 would merit reconsideration.

The Third Locks Plan
There have been many proposals for increasing the capacity of the present canal by

construction of additional locks. The most promising are variations of two basic plans: The
Third Locks Plan and the Terminal Lake Pian. The former was actually initiated in 1939 and
discontinued after expenditure of approximately $75 million on excavations for larger locks
adjacent to the existing ones. The new locks would have been 140 feet wide, 1200 feet long,
and 50 feet deep. Locks of this size would accommodate vessels of up to approximately
110,000 DWT.

The Terminal Lake Plan would consolidate Miraflores and Pedro Miguel Locks on the
Pacific side, raising Miraflores Lake to the level of Gatun Lake. In the process a third lane of
locks would be added on both the Atlantic and Pacific sides. This plan has the advantage of
providing an anchorage area above the Pacific locks which would eliminate navigation
hazards now encountered in that area. A variation of the Terminal Lake Plan, proposed by
S.2228 and H.R. 3792, 91st Congress, provides for three lanes of locks, the largest being
140 feet wide, 1200 feet long, and 45 feet deep. The Pedro Miguel Lock would be
eliminated and the operating level of Gatun Lake would be raised 5 feet to a maximum of
92 feet above sea level.

None of the proposed lock plans would provide for the transiting of 151I,000 DWT
ships, the minimum size that would enable the cana! to compete with alternate routing for
bulk cargo. Hence, a Deep Draft Lock Canal Plan was developed that incorporates the best
features of the proposed plans with locks (160 feet by 1450 feet by 65 feet) capable of
accommodating 150,000 DWT ships. This plan (Figure 36) provides a reference base for
evaluation of sea-level canal alternatives. Table 15 summarizes its characteristics and costs.

None of the proposed lock plans, including the Deep Draft Lock Canal Plan, would
permit transit of the United States Navy's largest aircraft carriers which have angled flight
decks too wide for the locks. The estimated construction cost of locks adequate for these
carriers was $800 million more than the cost of locks for i 50,000 DWI ships. Therefore, a
lock canal capable of transiting these cart iers was given no further consideration.

The addition of a third lane of locks would increase. annual transit capacity by
approximately 8,000, making the toal annual capacity 35,000. This capacity could
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TABLE 15

ROUTE 15 DATA ESTIMATES

Total construction cost $1,530,000,000
Channel excavation volume 560,000,000 cubic yards
Channel excavation cost $570,000,000
Cost of new locks $550,000,000
Construction time 10 years
Operation and maintenance costs $71,00,000/year

(for 35,000 transits)

These data are based on construction and operation of a deep
draft lock canal with a land cut of 36 miles and 20 miles of
approach channels. Eight miles will have a 500- by 65-foot
channel (75-feet deep at centerline). The remainder will accommodate
two-way traffic. A third lane of locks will be added to the
existing locks. They wi'l be 160- by 1450- by 65-feet and will
accept 150,000 DWT ships.

This improved lock canal would have an effective capacity of
35,000 transits per year. At this capacity, the time lost by
the average ship in slowing down, awaiting its turn to enter
the canal, transiting, and then regaining open ocean speed is
estimated to be about 25 hours.

meet projected demands for commercial transits through this century at a Aesser cost than
that of a sea-level canal. This is its only major advantage. However, expansion to meet
further traffic growth would not be practicable.

The United States has held that the provisions of the Treaty of 1903 permit the
building of a third lane of locks. This may not be a practicable alternative because a
controlling determinant of the long-term viability of any course of action in Panama is its
acceptability to the government and people of Panama, the United States, and, hopefully, to
Latin America generally. It seems obvious that major augmentation of the existing canal
would not serve United States interests unless accomplished under a new treaty arrangement
or major revision of the present treaty willingly entered into by Panama.

Augmentation of the existing canal under treaty arrangements comparable with those
proposed in 1967, with an appropriate extension of the period of United States control,
would have favorable effects on the economy of Panama (see Annex I, Foreign Policy
Considerations). The political disadvantage of the third-locks solution is that it would tend
to increase operating personnel and defense requirements that are currently causes of
concern to Panama.

Construction of a third lane of locks would not reduce the vulnerability of the lock
canal to long-t rm interruption by sabotage or military attack. The critical weaknesses of
the locks and the high level lake would remain unchangta. The basic vulnerability of the
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lock canal would continue to require large defense forces on site and provisions in United
States strategic plans for the contingency of long-term closure of the canal in wartime. The
lock canal's current inability to transit the Navy's aircraft carriers would continue.

Route 14 Conventionally Excavated Sea-Level Canal
The two alinements of Route 14 that were evaluated are identical except through the

Continental Divide (see Figure 37). Both follow the trace of the present Panama Canal
without its many angularities. Route 14 Combined (14C) would involve deepening and
widening of the present Gaillard Cut; Route 14 Separate (14S) would require a new cut
through the Divide about one mile to the southwest of the present cut. Both alinements pass
under the existing bridge at the Pacific end of the present canal and utilize excavation
already accomplished for the unfinished third locks project.

The combined cut offers considerable savings in the volume of excavation because of
the lower elevation through the Divide. However, only the separate c'it permits excavation
in the dry to project depth in the Continental Divide area. A major disadvantage of the
combined alinement is its inevitable interference with the operation oi the existing canal
during the ten or more years of actual construction. The Gaillard Cut is now only 500 feet
wide and must be operated on a one-way basis for the largest ships that transit the canal.
Cut widening and deepening would further limit capacity during the construction years.
Excavation to 85 feet below sea level in this cut could induce slides that would block the
existing canal for long periods. These and other potential disadvantages of Route 14C
discussed in detail in Annex V led the Commission to conclude that Route 14S would be
the preferable sea-level canal alinement within the existing Canal Zone, regardless of its
slightly greater cost.

Three feasible design configurations for Route 14S have been considered (Figure 38).
Two include a centrally located single-lane section while the other includes two parallel
single-lane sections; all sections are cut to the design channel criteria. Each configuration
includes 1400 by 85 foot two-lane approach channels at both its Atlantic and Pacific ends.
The configurations, in the ascending order of cost and capacity, are:

- A 33 mile single-lane section.
- A 24 mile single-lane section.
- Two parallel 19 mile single-lane sections.

Each of these could be constructed with check gates to limit the tidal currents. The location
of the tidal checks would vary with the configuration and the maximum acceptable current.
The methods of operation with tidal gates in the various configurations of Route 14S,
channel design, and convoy operations would be essentially the same as for Route 10,
discussed later in more detail. The initial transit capacity would be at least 35,000 annually.

The topography of Route 14S does not lend itself to a bypass, which should be located
along the center third of a canal alinement to be effective. Consequently, the logical
expansion steps involve progressive shortening of the one-way section by extending the
Atlantic approach across Gatun Lake, where elevations are much lower than those close to
the Pacific. The maximum currents in the single-lane section would tend to increase as this
section became shorter, but tidal gates could provide appropriate control. Shortening the
restricted section would significantly increase capacity.
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In the final phase of construction of a sea-level canal on Route 14S the water in the
channel would be lowereJ from the level of Gatun Lake to seo level. This would be
accomplished by removal of the plugs left at either end of Gatun Lake; and the simultaneous
construction of an earth dam ii :he old canal channel near Gamboa to divert the Chagres
River to the Pacific. This drawdown would create a hazard of slides. As much as three
months would be required for the changeover, during which time there could be no traffic

through the canal.
Political factors bearing on the feasibility of a sea4evel canal on any route within or

near the Canal Zone and the effects upon the economy of Panama would not be measurably
different (Annex I). Route 14 has the advantage, however, of being wholly within the Canal
Zone. Construction on Route 14 would require no acquisition of privately owned land and
would create the minimum local disturbances.

TABLE 16

ROUTE 14S DATA ESTIMATES

Total construction cost $3,040,000,000
Channel excavation volume 1,950,000,000 cubic yards
Channel excavation cost $2,210,000,000
Conr-truction time 16 years (includes 2 years

for preconstruction design)
Operation and maintenanc. cost $56,000,000/year (for

35,000 transits)

These data are based on construction and operation of a sea-level
canal with a 33. mile single-lane land cut and 21 miles of two-lane
approach channels. Ships up to 150,000 DWT could be accommo-
dated under all conditions; larger ships up to 250,000 DWT could
be accommodated under controlled conditions. Tidal gates would
be installed and used continuously to limit current to no more than
2 knots.

This configuration would have an effective capacity of 39,000
transits/year. At this capacity, the time lost by a ship in slowing
down, forming into a convoy, passing through the canal, and re-
gaining open ocean speed would be comparable to time lost by a
ship passing through the Panama Canal in 1970. At lower traffic
levels, time lost would be significantly less.

If experience showed that additional capaicity would be required,
the two-lane approach channel on the Atlantic end cculd be extended
inland across Gatun Lake for 9 mi!es, reducing the single lane reach
to 24 miles. The cost of this additional effort would be $430,000,000
The new configuration would have an effective capacity of 55,000
transits/year.
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Interference with traffic through the existing canal during construction of a :-,ea-level
canal and the ultimate elimination of the existing canal and the partial elimination of Gatun
Lake would be significant disadvantages from both United States and Panamanian
viewpoints.

Route 14 1 , the military advantage of being in practically the same iocation as the
Panama Canal for which all existing defense installations have beer, sited, but there are two
disadvantages to Route 14 from the defense viewpoint: the vulnerability of the existing
canal during the construction period to interruption by slides or by military attack would be
greater than at present, and there would be many miles of barrier dams to defend along each
side of the sea-level canal across Gatun Lake.

Route 10 Conventionally Excavated Sea-Level Canal
Rout,. 10 (Figure 39) is approximately 10 miles to the west of the existing Panama

Canal. With the exception of two short reaches across arms of Gatun Lake, the route lies
outside the present Canal Zone. "i he area is undeveloped except for a few small farms and
grazing lands interspersed with jungle. The proximity of the Canal Zone would permit use of
existing Panama Canal facilities in support of canal operations.

An analysis of possible sea-level canal configurations on this route leads to three distinct
alternatives, each of which would be 36 miles in length between two double-lane approach
channels 1400 feet wide and 85 feet deep (Figure 40). Listed in ascending order according

to capacity and cost, they are:
- A single-lane channel for the full length of 36 miles.
- An II mile single-lane channel on each end connecting with a 14 mile centrally

located bypass section consisting of two single-lane channels.
- Two parallel 36 mile single-lane channels separated by a berm.
This order is also the sequence in which the canal could be constructed to provide

progressively greater capacity. The ultimate capacity would be reached by extension of the
bypass across the Isthmus, providing two parallel one-way channels.

A combination of conventional excavation techniques would be used. A system of
barrier dams would be employed to isolate the construction area from Gatun Lake and the
present canal and thereby pennit excavation in the dry of the bulk of the material.

Table 17 gives the capacity-cost data for the single lane configuration.
Prism design and ship spacing have been based on operating in 4-knot currents, but the

Commission considered it prudent to base initial capacity calculations on tidal currents
being limited to 2 knots and to incorporate into conceptual designs and cost estimates the
facilities required for that purpose. The installation of a tidal control structure at the Pacific
entrance and another 25 miles north thereof in the basic one-way channel would accomplish
this purpose and permit more than 35,000 transits per year.

Past negotiations indicate that a sea-level canal on Route 10 should be acceptable to
Panama under reasonable treaty conditions. The precise treaty provisions can be determined
only by further negotiation, but the objectives of the United States and Panama in any canal
on Panamanian territory do not appear to be irreconcilable.

Construction of a canal on Route 10 would not bring about any shift of canal
operations from near Panama's metropolitan centers. The avoidanck. of interference with
traffic during the construction phase and the preservation intact of the existirg canal after a
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TABLE 17

ROUTE 10 DATA ESTIMATES

Total construction cost $2,880,000,OOU
Channel excavation volume 1,870,000,CflO c..bic yards
Channel excavation cost $2,030,(VJACI
Construction time 14 years (includes 2 years for

preconstruction design)

Operation and maintenance cost $57,000,000/year (for 35,000
transits)

These data are based on construction and operation of a sea-level
canal with a 36-mile single-lane land cut and 17 miles of two-lane
approach channels. Ships up to 150,000 DWT could be accommo-
dated under all conditions; larger ships up to 250,000 DWT could be
accommodated under controlled conditions. Tidal gates would be
installed and used continuously to limit current to no more than
2 knots.

This configuration would have an effective capacity of 38,000
transits/year. At this capacity, the time lost by a ship in slowing
down, forming into a convoy, passing through the canal, and
regaining open ocean speed would be comparable to time lost by
a ship passing through the Panama Canal in 1970. At lower traffic
levels, time lost would be significantly less.

If experience showed that additional capacity would be required on
this route, a 14-mile bypass would be constructed for about
$460,000,000. It would have an effective capacity of 56,000
transits/year and, at all Ievels of capacity, would allow less
time in transit than a single-lane canal.

ncw canal is opened would have distinct advantages for Panama. Construction of a canal on
Route 10 would permit future operation of the existing canal in combination with the
sea-level canal and leave Route 14 available for construction of a second sea-level canal if
one were ever needed.

While the advantages for Panama in either a Route 14 or a Route 10 sea-level canal
should make either acceptable under a mutually satisfactory treaty arrangement, the
comparative advantages and disadvantages on balance favor Route 10. In any arrangement
for operation of a sea-level canal on Route 10, it would be unacceptable for the present
canal to pass to Panamanian control and be operated in competition with the sea-level canal.

The Stanford Research Institute's study of sea-level canal economic impacts estimated
that the maximum reduction in canal employment for a sea-level canal on Route 10, in
comparison with continuing the present lock canal, would be 6,300 empioyees. On the
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other hand, more than 7,000 employees would be needed during the sea-level canal
construction period. The foreign exchange earnings for Panama from sea-level canal
construction, estimated to be more than $1 billion, plus the greater long-term earnings from
the new canal capacity, would permit greater total econonic development and employment
in Panama than continuation of the existing canal. The Stanford Research Institute
estimated that the gross domestic product (GDP) and total employment in Panama would
not only grow rapidly during the sea-level canal construction years but also would thereafter
continue to be greater than it would be were the present -anal continued under the existing
treaty (Annex 1).

One disadvantage of Route 10 is that it lies outside the existing Canal Zone.
Construction on it would require acquisition of some privately owned land, but the needed
land is relatively undeveloped and its acquisition should involve no significant problems or
cost. The question of jurisdiction in the canal area is not material to the choice of sea-level
canal routes in Panama, inasmuch as a new treaty is expected t. be negotiated for
construction on any route. Resolution of the issues of Panamanian sovereignty and
jurisdiction of the canal operptirg authority should affect all routes equally.

Defense of a sea-level canal on Route 10 would re(uire only limited expenditures for
new defense facilities, such as helicopter landing areas, access roads, and facilities at the
canal entrances for small Navy elements. The additional distance to Route 10 is so small
that all major defense requirements would continue to be met by existing military
installations in the Canal Zone. Not only would a sea-level canal on Route 10 be far less
vulnerable than a lock canal, but also it would be somewhat less vulnerable than one on
Route 14 with its more extensive barrier dams needed to preserve Gatun Lake.

The distance of Route 10 from the metropolitan centers of Panama City and Colon is a
slight military advantage, but continued use of existing Zone facilities in support of a canal
on Route 10 would leave many facilities and canal personnel in the same location regardless
of the choice of Route 10 or Route 14.

The major military advantages of Route 10 over Route 14 are that construction on
Route 10 would avoid the long period of vulnerability of the existing canal during
construction of a sea-level canal adjacent to it on Route 14, and the additional capacity and
safety offered by the continued availability of the old canal after a new one is opened on
Route 10.

Route 10 Sea-Level Canal Operated in Combination with the Existing Lock Canal as
One System
The present canal would continue in operation during the construction period of a.'Iv

sea-level canal. When the sea-level canal is opened, the existing canal would be needed to
provide an emergency alternatihe until the new canal had been operated for a period of
years, its capabilities proved, and there was reasonable certainty that it would not be
seriously affected by slides. The Commission has been advised by its Technical Associates
for Geology, Slope Stability, and Foundations that 10 years is a minimum period for this
purpose. It would be desirable also to maintain it on a standby basis for an extended period
thereafter.

The existing canal with improverments short of additional locks has, as previously been
indicated, a potential annual transit capacity of 26,800 ships Of all sizes below 65,000 DWT.
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Farmland on southern portion of Route 10

FIGURE 41

In the mix of ships projected for Isthmian canal traffic in the year 2000 and thereafter,
more than 85 per cent of the total continues to be in these smaller sizes. Although the
combined capacities of the old canal and a sea-level canal on Route 10 are not likely to be
needed in this century, it would be unwise for the United States to commit itself to discard
the old canal permanently until the. lack of ultimate need for it was certain.

There are no unique engineering problems in maintaining the lock canal on a standby
basis. The cost of operating it on a one-shift basis after a new canal is opened is estimated to
be approximately $4 million a year. This amount would provide for personnel for
maintenance and operation, dual haining of sea-level canal operating personnel for lock
canal operations in an emergency, and periodic channel dredging. When no longer needed,
maintaining it on a non-operating standby status is estimated to cost $1 million a year.

Integration of the operation of a new canal on Route 10 with operation of the existing
canal would have great advantages over operation of a canal on Route 10 as a separate
entity.

If a new treaty should authorize such a system, all feasible alternatives for providing
canal capacity greater than now existing would be available. Initial expansion could be
accomplished by adding lock lanes to the existing canal or by building a sea-level canal on
Route 10. Subsequent needs in excess of the minimum capacity of the sea-level canal could
be met in three different ways:
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1. Reactivating the existing lock canal,
2. Providing a bypass on Route 10, and
3. Constructing a second sea-level channel either along Route 10 or generally alcng

the trace of the existing canal (Route 14).

Reactivating the lock canal would permit a total of at least 60,000 annual transits;
addition of a bypass to the sea-level channel on Route 10 would permit approximately
56,000 annual thansits; Route 10 with a bypass in combination with the existing lock canal
would permit at least 80,000 annual transits; a seconO sea-level channel would permit well in
excess of 100,000 annual transits.

This flexibility in future canal possibilities, providing as it would maximum transits and
other economic benefits, would be as advantageous to Panama as to the United States. Such
a system should be welcomed also by all canal-using nations as indicative of the intent of the
United States and Panama to ensure adequate canal capacity indefinitely.

The Stanford Research Institute's evaluations of the economic impacts of various
sea-level canals showed that the combined operation of the old and new canals would be the
most beneficial to Panama of all the plans considered. Appropriate Canal Zone facilities
would continue to be used by the canal system operating authorities to administer and
support canal-system operations and the Canal Zone military bases would continue in
essentially the present status for defense. In addition, however, maintenance of the old canal
in service, or even on a standby status, would create, directly and indirectly, more jobs for
Panamanians than would a sea-level canal on Route 10 alone and would ganerate greater
foreign exchange earnings for Panama.

Adoption of the system concept would not foreclose relinquishment to Panama of
excess Canal Zone properties such as contemplated in the 1967 drait treaties. Zone water
resources, unneeded facilities, and excess land areas that could be made available to Panama
were a sea-level canal operated alone on Route 10, would be almost equally available were
the channels and locks of the existing canal maintained for reactivation when needed.

The defense advantages of a sea-level canal on Route 10 have been discussed above.
These advantages would be somewhat greater in the canal system as envisioned because the
present canal would be useful if the sea-level canal were blocked. Defense of the standby
canal should cause no major additional problems. The existing military bases are already
suitably sited, and the forces planned for the defense of Route 10 could, with acceptable
risks, provide protection for the standby faci.lities. In periods of increased tension, defense
forces could be augmented as necessary.

88



CHAPTER VIII

FINANCIAL FEASIBILITY

The financial feasibility of the sea-level Isthmian Canal is dependent on a number of
variables, none of which can with confidence be assigned a value. The Commission had to
consider a range of values for some and make reasonable assumptions for others as described
in this Chapter. Detailed discussions of these matters and financial analyses of sea-level canal
arrangements and the third-locks alternative are contained in Annex 111, Study of Canal
Finance. The discussion in this Chapter is directed primarily to the financial feasibility of
construction of a sea-level canal on Route 10 that would be operated in conjunction with
the existing Panama Canal as a single system.

Considerations for Financial Analyses
Revenues
Revenues expected from tolls on a sea-level canal at current toll rates and the maximum

potential under an increased toll schedule are summarized in Table 18:

TABLE 18

FORECASTS OF SEA-LEVEL CANAL REVENUES
Millions of Dollars

Potential Tonnage Low Growth
Forecast Forecast

Current Maximum Current Maximum
Fiscal Year Tolls Tolls Tolls Tolls

1990 205 287 185 259
2000 290 406 215 301
2010 391 546 235 329
2020 500 700 264 370
2030 577 811 282 392
2040 605 847 313 440

Costb of Operations
The Panama Canal Company and Canal Zone Government now conduct many

revenue-producing activities no, directly connected with operating and maintaining the
canal. ThiL costs of these operations taken together approximately equal their total revenues.
Government functions, such as police and education, are financed from general revenues.
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In estimating the operating costs of a sea-level canal, the Commission included only
those activities directly associated with canal operation and maintenance, including
administrative overhead. Commercial and government activities were assumed to be neither
a cost nor a source of revenue in sea-level canal operations.

Payment to Host Country
The unratified 1967 draft of a treaty with Panama for the continued operation of the

present canal would have replaced the 1955 Treaty provision for a fixed $1,930,000 annuity
to Panama with royalty payments for each long ton of cargo transported through the canal.
The draft suggested that the royalty payment start at 17 cents per long ton of cargo and rise
I cent annually for 5 years to 22 cents per long ton, at which level it would remain. This
1967 plan has recently been rejected by Panama and is in no way binding upon the United
States. The Commission, however, used, for purposes of comparison, the suggested royalty
payments as one possible compensation arrangement in estimating the total cost of
operating a sea-level canal in Panama.

The level of host-country compensation that might be required for a canal in Colombia
cannot be established until the United States is prepared to discuss detailed canal treaty
terms with the government of that country. Meaningful estimates of the operating revenues
of a sea-level canal in Colombia require assumptions as to what use would be made of the
existing canal subsequent to the opening of the new canal. The Commission could find no
basis for such assumptions and hence was unable to make a financial analysis of a sea-level
canal on Route 25, except to recognize that competition by the existing Panama Canal
could make it impossible for the new canal to meet operating costs and debt service charges
from revenues.

Inflation
The inflation of costs over time is an established trend that cannot be disregarded in

financial analyses of prospective sea-level canals. Maintenance of the Panama Canal tolls at
the same dollar level for more than a half a century was made possible only by political
decisions that reduced costs funded from tolls. Similar decisions could be made in financing
a new canal, but they were not assumed in developing the financial analyses in Annex III,
Study of Canal Finance.

A self-amortizing sea-level canal would require provisions in its financial plan to
compensate for the effects of inflation. However, reliable estimates of the effects of
inflation on costs and revenues for a 75-year period into the future are not possible;
attempting to incoiporate them would not add to the validity of the financial analyses. The
conclusion was reached in the evaluation of the toll revenue potential of a sea-level canal in
Annex IV, Study of Interoceanic and Intercoastal Shipping, that costs of alternatives to
using the canal will tend to increase in parallel with increases in canal costs, and toils could
be increased in proportion without discouraging traffic growth materially. Therefore, the
assumption was made that future tolls would be increased periodically in proportion to
inflation of costs. All estimated costs and revenues, therefore, are stated in 1970 dollars.

Cornstruction and Amortization Periods
Estimated construction periods vary only slightly among canal routes, but estimates of

the time required for negotiations with me host country and the passage of appropriate
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legislation can only be approxiniations. The Commission has assumed that the time from the
date of decision to construct a sea-level canal to the date of its opening would be 15 years,
regardless of the route chosen.

The 1967 draft treaties with Panama suggested 60 years of United States control of a
sea-level canal after its opening. Inasmuch as a longer period would not materially change
amortization prospects, the Commimqion selected 60 years as an appropriate period for
financial analyses.

Interest Rates
The discount rate on the investment in a new sea-level canal will be a major determinant

of its financial feasibility. The interest on the debt of the present canal to the United States
Treasury is assessed at the average rate of all of its outstanding debt, computed for Fiscal
Year 1969 to be 3.69 per cent per annum. In Fiscal Year 1970 the interest rate used in
analyzing federally financed water resources projects was 5.5 per cent. At the time of
preparation of this report, however, long-term United States Government bonds were selling
in the open market at yields in the neighborhood of 7 per cent. The Study of Canal Finance
(Annex i11) suggests no basis for an early decline in interest rates, although the current rate
is historically high. The Commission considers 6 per cent per annum to be a reasonable
estimate of minimum long-term financing costs of sea-level canal investments that would be
spread over a 15-year period. However, the effects of a range of interest rates up to 12 per
cent are analyzed in Annex III.

Debt of the Panama Canal
Two assumptions were made regarding the interest-bearir.,, lebt to the United States

Treasury of the Panama Canal Company:
1. The debt would continue to be an obligation of a new canal operating authority

that controlled both the existing canal and a sea-level canal as a single system;
2. The debt would be written off if the sea-level canal operating authority did not

control the old canal and the new canal were operated as a separate entity.

Financial Analyses of Canal Alternatives
The annual rate of expenditure for construction of a sea-level canal should not

materially exceed $300 million in any year and would average about $200 million per year
over a 15-year construction period. These annual capital expenditures, together with ;,-terest
charges, could in some circumstances accumulate to a debt of such magnitude that
repayment from canal revenues would not be possible. Although self-amortization has not
been required of the present canal, the Commission's financial analyses of the sea-1i.vt :.al
alternatives were designed to determine what combinations of operating costs, payments to
the host country, interest rates, canal opening dates, traffic levels, and toll rates would
permit recovery of capital costs from toll revenues. These analyses also permit estimation of
the capital costs that might have to be writtn off for other objectives.

The finnancial prospects of sea-level cana, alternatives were examined by the Interdepart-
mental Study Group on Canal Finance from two different viewpoints. One approach treated
the old and new canals as commercial enterprises to determine whether investment in the
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new capacity could be justified economically solely by the additional business it could
generate. Investment in a sea-level canal cannot be justified on this basis.

The second approach, that considered by the Commission to be the appropriate one,
was to determine whether a sea-level canal could be operated on a self-amortizing basis by
crediting it with total revenues rather than only those in excess of what might be produced
by the existing canal. Analyses also were made of the amortization prospects of a third lane
of locks for the existing canal. The results of these analyses are summarized in Table 19 for
three alternatives: Route 15 - Lock Canal; Route 10 - Sea-Level Canal as a separate entity;
and Route 10 operated as a system in conjunction with the present canal. The analyses of
Route 10 as part of a system are set forth for two conditions: changes in toll rates being
made at the time the canal goes into operation, and as of the time construction is started.

In each case, the annual costs of operation were taken to be those set forth in Annex V,
Study of Engineering Feasibility, and allowance was made for payments to Panama of $0.22
per cargo ton in 1976 and thereafter during the period required for amortization of the
capital costs. It was also assumed in each case that all capital costs and interest charges
would be amorized from toll revenues.

It was further assumed in the financial analyses of the combination of a sea-level canal
on Route 10 and the existing lock canal that the current debt of the Panama Canal
Company would also be amortized from toll revenues of this system.

The effects of possible modifications of these assumptions are discussed near the end of
this Chapter.

If the sea-level canal on Route 10 were operated as a unit of a system including the
Panama Canal, the prospects of amortization would be improved greatly. For example:

1. If the interest rate were 6 per cent and the opening date of the canal were deferred
until 1995, no increase in toils above the present level would be necessary,
provided the potential growth of traffic were realized;

2. If traffic were to grow at the low rate, and the average toll were raised to $1.20 per
ton with the interest on the debt at 6 per cent per annum, it would only be
necessary to defer opening the canal until 2000.

The foregoing analyses of' the requirements for amortization have all been based on
canal tolls being held at an average of $0.884 per cargo ton until the opening date of a new
canal. If, on the other hand, canal tolls should be held at this level only until start of new
construction of a canal on Route 10, the requisite average level of tolls would be reduced
materially below those required under the previous assumption. Thus:

1. If the potential growth of traffic were to be realized, and the interest rate were 6
per cent per annum, the average toll would have to be only $0.94 per ton if the
new canal were opened in 1990;

2. If the opening of the canal were deferred until 1995, no increase above the present
level should be necessary under these conditions.

However, if only the low traffic growth rate should be realized, some increase in the
average toll would be necessary under any likely combination of interest rates and times of
opening of the canal. Fc .xample:

I. If Route 10 were completed in 1990 and operated as part of a system and tolls
were increased when construction wvas initiated, the average required toll would be
$1.19 per tort;
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TABLE 19

AVERAGE TOLL REVENUES PER LONG TON OF CARG3 REQUIRED
FOR AMORTIZATION OF CAPITAL COST IN 60 YEARS

WHILE PAYING PANAMA A ROYALTY OF $0.22 ON EACH TON

Traffic Canal Average Annual Interest on Debt
Growth Opening

Canal Route Rate Date 4% 5% 6% 7% 8%

Route 15 1990 $0.65 0.74 0.83 0.95 1.10
New Locks Potential 1995 0.58 0.63 0.71 0.81 0.95
$1.53 Billion (1) 2000 0.49 0.52 0.59 0.67 0.80
Capital cost 1990 0.87 0.98 1.10 (a) (a)
Annex III Low 1995 0.79 0.88 0.99 1.20 (a)
Figure Al-24 (1) 2000 0.69 0.78 0.87 1.02 (a)

Route 10 1990 0.69 0.81 0.96 1.14 (a)
Sea-Level Potential 1995 0.65 0.75 0.87 1.02 1.22
by itself (1) 2000 0.62 0.70 0.81 0.93 1.07
$2.88 Billion 1990 0.98 1.20 (a) (a) (a)
Annex III Low 1995 0.97 1.15 (a) (a) (a)
Figure Al-i 2000 0.95 1.10 (a) (a) (a)

Route 10 1990 0.69 0.83 1.00 1:28 (a)
Sea-Level with Potential 1W95 0.CO 0.72 0.85 1.07 1.30
Panama Canal (1) 2000 0.53 0.60 0.71 0.85 1.07
$2.88 Billion 1990 0.98 1.24 (a) (a) (a)
Annex I II Low 1995 0.90 1.10 (a) (a) (a)
Figure A 1-2 (1) 2000 0.81 0.96 1.20 (a) (a)

Route 10 1990 0.73 0.83 0.94 1.0• 1.22
Sea-Level with Potential 1995 0.67 0.76 0.86 0.97 1.10
Panama Canal (2) 2000 0.61 0.68 0.77 0.88 0.98
$2.88 Billion 1990 0.95 1.05 1.19 (a) (a)
Annex III Low 1995 0.89 0.99 1.11 1.23 (a)
FigureA1-3 (2) 2000 0.83 092 1.03 1.14 1.26

(1) Canal tolls held at $0.884 per ton until canal opening date.
(2) Canal tolls held at $0.884 per ton until start of new construction.
(a) Required tolls exceed an average of $1.30 per ton, the rate estimated to produce

the maximum revenue from tolls.
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2. If the opening date were deferred until 1995, the required toll would be $1.11 per
ion;

3. If the opening were deferred until 2000, the required toll would be $1.03 per ton.
Some of the data given in Table 19 are also shown graphically hi Figures 42a, 42b, 43a,

and 43b, taken from Annex Il1, Study of Canal Finance.
It follows that, from a financial point of view, construction and operation of a sea-level

canal on Route 10 in conjunction with the Panama Canal would be preferable to
construction and operation of a sea-level canal on Route 10 as a separate entity; further, the
prospects of amortization of the capital cost would be enhanced by appropriate increases in
average toll revenues at the time of initiation of construction of a canal on Route 10.

Table 19 does not show the tolls required if a sea-level canal were built on Route 14,
but the values for .4 sea-level canal on Route 10 operated as a separate entity are
representative of the tolls that would have to be levied if the canal were built on Route 14.
The capital cost of the latter is only slightly greater than the capital cost for a canal on
Route 10.

It is also apparent from a tnancial standpoint that deferment of construction of any
new canal would be desirable, because such deferment would permit the payment of either a
higher rate of interest on the debt or a lower average level of tolls and still enable the capital
costs to be amortized in the first 60 years of operation of any new canal.

Cash Flow
Irrespective of the route or means that may be taken t orovide for increases in traffic

between the oceans, there will be a period during const.-ction when the expenditures
required will exceed all available revenues. Hence, at the end of the construction period a
substantial debt will have been accumulated. Thereafter, there will be further accumulations
of debt to the extent that the gross revenues from tolls are less than all costs of operation,
payments to the host country, and interest on the then existing debt. There will thus be a
net cash input until the revenues from tolls becomes sufficiently large to permit progressive
amortization of the peak debt.

The results of the calculations of the magnitude of the "peak debt" under different
conditions are shown in Table 20 for the case of a sea-level canal on Route 10 operated in
conjunction with the existing lock canal. The basic assumptions were again made that
payments to Panama would be at the rate of $0.22 per cargo ton and that all capital costs
and interest charges would be amortized from toll revenues. The variables in this tabulation
are the canal opening dates, the potential ao~d the low rates of traffic growth described in
Chapter I11, and a range of average toll rates per cargo ton. The toll rates in this tabulation
have been considered only as being in effect from the start of construction of a sea-level
canal on Route 10.

The peak debt arising out of construction of any other canal, or as influenced by any
other date or change from existing toll levels, differs from the values in this tabulation, but
the changes would be generally proportional. At interest rate of 6 per cent was used to
derive the values in Table 20; if some other rate of interest were used, the changes would
a!so be proportional.

It follows from these data that, from a financial point of view, it would be desirable to
duter construction of a new canal as long as practicable. For example: assuming an average
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TABLE 20

ESTIMATED PEAK DEBT AT 6 PER CENT FOR CONSTRUCTION OF
SEA-LEVEL CANAL ON ROUTE 10 OPERATED IN CONIUNCTION

WITH THE PANAMA CANAL

Low Traffic Growth Potential Traffic

Average Toll Per Canal Opening Date Canal Opening Date

Long Ton of Cargo 1990 1995 2000 1990 1995 2000

$0.80 Not Possible to Amortize Within 4.4
0.90 ')0 Years of Operation 4.9 3.3
1.00 5.2 3.6 2.7
1.10 3.6 2.6 L;.9 3.1 2.2
1.20 3.6 2.7 2.2 3.3 2.7 1.6
1.30 2.8 2.3 1.7 2.9 2.2 1.1

Notes: Debt shown in billions of dollars.
Toll rates assumed effective 15 years. ahead of opening date.
Initial construction cost: $2.88 billion.
Royalty payments at 22 cents per ton.
Operating costs per estimates in Annex V.

toll of $ 1.00 per cargo ton, interest at 6 per cent, and realization of potential traffic
revenues, the tabulation shows that in the first 10 years the peak debt would be reduced an
average of $250 million for each year of deferment beyond 1990.

Modified Premises
All of the calculations of requisite tolls in Table 19 and of the peak debt in Table 20

S.re based on two premises: payments to the host country would be 22 cents per cargo ton
after 1975, and all of the capital costs would be amortized with interest within 60 years
after the opening date of a new canal. Any modification of these would have an effect on
the tolls that would have to be collected and on the magnitude of the peak debt that would
accrue.

The royalty to be paid Panama could be at a different rate per cargo ton or the
payments could be computed on a different basis. Hence, in preparation of Figure 44, the
assumed amount of 22 cents per cargo ton has been eliminated in order to show the average
toll that would produce thie revenues needed to cover all costs of operation and to amortize
the capital cost.

If a sea-level canal on Route 10 were built to open in 1990 and the potential traffic
forecast were experienced, there would be full recovery of the $2.88 billion capital cost in
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60 years at 6 per cent interest, provided tolls were raised at the start of construction (1975)
to an average 96 cents per cargo ton (74 cents plus royalty payments to Panama of 22 cents
per ton). (Point 1, Figui•e 44). On the other hand, should the traffic growth follow the low
estimate of the Shipping Study Group only $ i.67 billion of the capital cost could be
amortized at the same toll rate. (Point 2, Figure 44). Under this condition, $1.21 billion of
the capital cost could not be amortized. This is one measure of the degree of risk.

Amortization of all capital costs from toll revenues places all of the burden of
amortization on canal users. There could be foreign policy or defense judgments that some
of this burden should be shifted by Federal contributions in aid of construction. In the
example just cited, this would amount to the write-off of $1. ! billion as non-reimbursable.
If only one-half of this amount were deemed properly non-reimbursable, ai.u if no higher
lew if tolls were practicable, amortization of the remaining capital cost ($2.28 billion)
would require that the payment to Panama be approximately 10 cents per cargo ton (96
cents minus 86 cents, Point 3, Figure 44).

Thus, if a decision or a commitment were made to complete a sea-level canal on Route
10 in 1990, tolls would h•'e to be raised under either traffic assumption to avoid capital
writýeoffs, and substantially in the event the low traffic growth should be experienced. A
start of operation in 1Q00 .arrits 'ihe attendant risk of `' need to subsidize the
construction with sizeable capital write-offs. Lesser payments to the host country, especially
in the early years, would help to lessen the amount.

Source of Funds
It is apparent from the Study of Canal Finance, Annex IIl, that the risks and

uncertainties of sea-level canal finance are such that private funding of construction costs
would not be feasible. The Commission concluded that responsibility for construction and
operation of a sea-level canal should be vested in an independent agency of the United
States Government and that construction be financed through appropriations by the
Congress. The finarcial burden on the United States might be reduced by international
participation. The prospects of obtaining such participation are discussed in the following
chapter.
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CHAPTER IX

MANAGEMENT OF SEA-LEVEL CANAL CONSTRUCTION AND
OPERATION

During the past twenty-five years, especially in periods of difficult United States-
Panamanian relations, prominent political leaders in the United States have suggesttd that
the Panama Canal be internationalized or inter-Americanized. They have suggested that an
international management authority would mitigate the anti-United States sentiment in
Panama that stems from our unilateral control of the Canal Zone and all operations within
it.

The (7ommi'nsion bdi;ves that iiit.ia, participation in the operation of the present
lock canal and in the financing and operation of a new sea-level canal under new treaty
arrangements mutually acceptable to the United States and Panama could eliminate many of
the important obstacles to harmonious relations and thus facilitate long-term protection of
the huge investment in the canal enterprise. In Latin America generally, such an
arrangement could be welcomed as a move toward adjusting United States national interests
to the cooperative goals of the inter-American system.

The cost of a new sea-level canal is so large and amortization of the debt is sufficiently
problematic that it is in the interest of the United States to obtain international financial
support for the enterprise. Prospects for attaining the cooperation of a subsantial number
of canal users are not bright, however. An Isthmian canal is of marginal importance to the
larger nations that now use the canal, with the possible exception of Japan. If additional
canal capacity were not provided in the future, all could use alternate routes. Since they no
doubt believe that the predominant United States economic and military interes's are such
that an adequate Isthmian crossing will be built and maintained without their participation,
they are likely to conclude that they can avoid financial and management responsibilities, as
well as the foreign policy problems that might arise from time to time. The Pacific Coast
nations of South and Central America, while greatly dependent on an efficient Isthmian
crossing, are not in a position to make significant contributions t' ial construction.

Panama has historically resisted multi-national participa'ic spite the discouraging
obstacles, however, internationalization should continue to be a goal of the United States,
but not an inflexible condition of our canal policy.

Management of Construction
Useful lessons can be drawn from the mistakes and successes of the three successive

Isthmian Canal Commissions appointed between 1904 and 1914 to build the present canal.
The management problems that initially plagued the buirmers of the Panama Canal stemmed
in part from lack of clear lines of authority b-.tween the President, the Commission, the
Chief Engineer, and the operating forces on the lsthraus. Operations were handicapped by
slow communications between the Commission in the United States and the operating
forces in Panama and the Commission's failure to delegate to its Chief Engineer the power
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of decision on relatively small matters. The final and effective solution adopted by President
Theodore Roosevelt was to appoint the same individual to the positions of Commission
Chairman and Chief Engineer.

There was also controversy over the merits of government-force construction versus
construction by private contractors. The Chairman/Chief Engineer, John F. Stevens, created
an effective construction force and saw no need to execute the project through contractors
as desired by the President. His resignation before this issue was resolved led to the
appointment of Colonel George Washington Goethals of the United States Army Engineers
as Chairman and Chief Engineer. Colonel Goethals, however, found Stevens' organization
thoroughly satisfactory and executed his plans relatively unchanged without resort to
contracting. Although Goethals and a number of his key subordinates were Army Engineers,

the organization that built the Pan="a Cc.;al r;niaied to the ind an autonomous civilian
agency of the Executive. Responsibility for its supervision at the Washington level was
delegated to the Secretary of War. Although never required by legislation, this practice
continues today in the operation of the Panama Canal.

Advances in the fields of engineering, sanitation, transportation, ,,nd communications
since Stevens and Goethals' time make canal building a different problem today. Private
construction contractors, separately or as joint ventures, now have the capabilities to build

very large projects. United States Government construction agencies have demonstrated in
peace and war the ability to manage large construction projects anywhere in the world. The
speed of modem transportation and communications makes insignificant the distance
between Washington and the Isthmus.

The major factors to be considered are:
- The construction agency would function over a perifid of 15 years or longer.
- The primary functions of the agency would be engineering design, management of

construction, and at the national level, coordination of the interests of all
government agencies concerned.

- Some form of host-country participation in the management agency seems
essential. Any construction of the magnitude of a sa-level canil could have major
impacts on the economy of the host country and on its relations with the United
States. Multi-national financing of construction, if undertaken, would entail further
obligations for international participation.

- Regardless of the management scheme employed, it is essential that flexibility be
allowed for the award of construction contracts for major units of the work.

- The construction agency should have the exemptions from taxation, import duties,
and employment restrictions needed to conduct its activities with the maximum
efficiency and at the minimum cost to the United States.

In the absence of major contributions by other nations in financing sea-level canal
construction, it is obvious that construction could be financed only by the United States
Government. In this event, it would be essential that construction be managed by an agency
of the Executive subject to the appropriation processes of the Congress. The logical choices
of management agencies for sea-level canml construction are two:

-- An autonomous agency such as was used for the first canal.
- The Department of the Army, working through the United States Army Corps of

Engineers.
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An autonomous agency with no other mission would be preferable. The canal project
would be only one of many for the Corps of Engineers.

The national and international interests in a sea-level Isthmian canal are such that no
single United States Government department or other national agency has a dominant
interest. An autonomous agency would be the most practical arrangement for bringing
together the skills needed for the direction of so great a project without assigning
disproportionate responsibilities to an existing agency with other imnportant missions to
perform- It would facilitate the participation of private citizens and would lend itself to
foreign participation, if desired. The exact membership of the directing authoiity at the
national ;evel would be influenced by the treaty terms and financial arrangements finally
agreed upon for a new canal. Its membership should be limited in number with provision for
advisory participation by iepresentatives of the Departments of Defense and State, the host
couLitiy gc..ernineni, and thL operating authority of th•, preseat canal.

Management of Canal Oper 'ions
The management organization for operation of a sea-level canal in Panama, either alone

or as part of a canal system that included the existing canal, would inevitably evolve from
the existing canal operating authority. The Commission did not develop recommendations
for the organization of this new authority. Its responsibilities, functions, and methods of
operation will depend upon treaty arrangements yet to be negotiated and, thereafter, on a
choice of alternatives.

Advance Planning
The feasibiiity of constructing a sea-level Isthmian canal by the United States alone or

in cooperation with other nations cannot he finally determined in the absence of agreement
on treaties for both the old and new canals. Without a suitable treaty insuring the continued
protection of its interests, the United States cannot undertake construction of a new canal

or underwrite its construction. Without a treaty, there is no basis upon which the President
can propose canal construction legislation to the Congress.

P.,nding the establishment of suitable treaty conditions, planning for the management
of construction and operation of a new canal should be temporarily deferred. The earliest
date that greater canal capacity might be needed is approximately 1990, and need at that
date is not expected to be critical. With a planning and construction lead time of 15 years,
the earliest date at which decision might be needed is 1975. If canal traffic continues to
grow as forecast, and if suitable treaty arrangements have been negotiated and ratified, the
President should at that time, or as soon thereafter as he deems appropriate, consider
proposing sea-level canal construction legislation to the Congress.
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CHAPTER X

CONCLUSIONS AND RECOMMENDATIONS

A sea-level canal across the 4 nerican Isthmus has been sought for more than four
centuries, and all who have participated - the Spanish, the French, and the American
builders of the present lock canal - remained convinced that a sea-level canal ultimately
should be constructed. The canal studies in 1947, 1960, and 1964 arrived at the same
conclusion but counseled interim measures and postponement of construction.

Today there are rio techni ql obst-a-es :f saifficient magnitude to pnevent succecsful
construci."' rand ope, aion of a sea-level canal. Determination of its feasibility must be a
judgmei. of values, many of w1iich are unquantifiable. The political, economic, and milita.-y
advantages for the United States, the Western Hemisphere, and the world in an adequate and
secure Isthmian canal cannot be measured precisely. A weighing of estimated costs against
estimated revenue is only one measure, and a tenuous one at best. The most critical
elements - the treaty arrangements for canal construction, operation, and defense - remain
to be established. Nevertheless, the Commission believes that the essential treaty conditions
are apparent, and on the basis of the many considerations discussed in this report a.id its
annexes, it has reached the following conclusions and recommendations:

Conclusions
1. The United States, as the major Western Hemisphere power has the responsibility

of insuring the continued availability of an aJequate and secure Isthmian canal
operated on a neutral and equitable basis. This obligation is iecognized in United
States treaty agreements with the United Kingdom, Panama, and Colombia.

2. The Panama Canal is of major importance to the defense of :he United States. The
United States should retain an absolute right to defend the present canai and any
new Isthmian canal system for the foreseeable future.

3. An adequate Isthmian canal is of great economic value to many nations, but
especially to the United States since approximately 70 per cent of the tonnage
through the canal in recent years has been to, from, or between United States
ports. This relationship is expected to continue.

4. The size limitations of the existing Panama Canal impose constraints upon the use
of bulk carriers on canal routes. The worldwide trend to larger ships for movemnents
of bulk commodities will make these constraints of increasing economic signi-
ficance to United States and world trade as timen passes

5. The potential demand for annual transits of ships of the size that can pass through
the present canal probably will exceed its estimated maximum capacity of 26,800
annual transits during the last decade of this century. Saturation of the existing
canal will impose difficult but not necessarily intolerable constraints on world
shipping. If greater canal capacity for both numbers of transits and larger ships is
not provided, potential traffic increasingly will be diverted to larger ships on
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alternate routes and to other transportation modes. Provision of additional canal
capacity would be advantageous to th., continued growth of United States and
world trade.

6. Initial construction of additional canal capacity should provide for handling ships
up to 150,000 DWI'. New locks designed for such ships would have no greater size
capacity, but a sea-level canal that could accommodate 150,000 DWT ships

routinely could accommodate 250,000 DWT ships under controfled conditions.
7. The new capacity that should be provided initially is 35,000 annual transits. Any

plan adopted should not preclude progressive expansion to ;louble or even triple
this capacity.

8. A total canal capacity of at ieat .,5,000 annual transits could be provided by
cunstructing a third lane of locks for the present canal. This would be a temporary
solution without significant military advantages, and it would not relieve the
problems in United States-Panamanian relations that derive from the personnel and
defense requirements of the lock canal. The augmented capacity could be exceeded
by demand for transits soon after the new locks weie built. Locks capable of
accommodating ships of 150,000 DWT would cost more than three-fifths as much
as a sea-level canal of far greater capacity and would not be capable of transiting
the Navy's angle-deck aircraft carriers. Additional locks would also increase the
operating costs of the canal far above those of a sea-level canal.

9. A sea-level .nal would provide a significant improvemrnt in the ability of an
Isthmian waterway to support military operations both in its lessened vulnerability
to interruption by hostile action and in its ability to transit large aircraft carriers
that cannot now pass through the Panama Canal. These military advantages of a
sea-level canal, together with its capacity to meet the potential demand for transits
over a much longer period, and its lesser operating costs, would more than
counter-balance the lower construction cost of augmenting the existing canal with
larger locks.

10. The technical feasibility of the use of nuclear explosivws for sea-level canal
excavation has not been established. Whether the technology can be perfected and
the international treaty obstacles to its use removed are not now predictable.
Removal of the technical and treaty obstacles to employment of nuclear
excavation would still leave major political and economic obstacles to a sea-level
canal remote from Panama's population centers. A sea-level canal on Route 17,
excavated wholly or in part by nuclear explosions, is currently infeasible for
manifold reasons and probably will remain so, regardless of the establishment of
technical feasibility of nuclear excavation. A sea-level canal cxcavated partially by
n" :lear methods on Route 25 in Colombia might someday be politically acceptable
if proved technically feasible.

II. A sea-level canal in Panama constructed by conventional excavation either on
Route 10 or Route 14 is technically feasible.

12. Route 10 is the most advantageous sea-level canal route
13. Although available evidence indicates that the tidal cuirents expected in a sea-level

canal without tidal control structures c)ild be navigated safely by most ships, tidal
gates could inc'ease navigation safety and should be provided.
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14. A conventionally excavated sea-level canal on Route 1( Midal gates, capable of
accommodating at least 35,000 transits each year of rep- atative mixes of ships
of the world fleet up to 1 50,000 DWT, would cost $2.b6 billion to construct at
1970 prices.

15. The costs and revenues of a future sea-level canal cannot be forecast reliably over
the 75-year period that might be needed for its construction and amortization.
Amor.g the critical factors are the cost of money and the stability of the value of
money. If the old and new canals were financially int'ýgrated at initiation of new
constructi:,n, and if the most favorable fore.,dst develo-',ments in construction
costs. rc•~nucs, and interest rates were rea!2zed, a sea-"' ,1 canal opening in 1990
could be financed through tolls while payfi:g reasonable royalties to Panama. Less
favorable developments in future costs and revenues which art; possile during the
period would make amortization through tolls impracticabie. Amortization could
require toll increases over the present Panama Canal levels as well as adWitional
periodic increases to compensate for inflation of future costs. Low interest rates or
low royalties would facilitate financing larger investments and permit lower tolls.
Conversely, high interest rates, high royalties, or tolls lower than economically
justified would reduce the construction investment that might be amortized from
tolls.

16. A variable pricing system for tolls designed to meet the competition of alternatives
to the canal would attract the most traffic and 6;.nerate the greatest revenrus in a'
future canal of any type, lock or sea-level.

17. Assurance of recovery of the United States investment is desirable, buW need not he
the sole determinant of United States canal policy. The decision to build or not to
build a sea-level canal should also take into account economic, political, and
military factors.

18. Although true internationalization of a future sea-level Isthmian canal does not
appear to be attainable, multi-national participation in its financing and manage-
ment could be financially and politically advantageous. The United States should
seek such participation within a bi-national treaty with Panama, but not make
future United States canal policy dependent upon its attainment.

19. United States relations with Panama covld be improved by progressive reduction of
the number of United States personnel in the ranal operating authority and a
concomitant increase in the proportion of Pana'ianian personnel in the positions
norrna'y occupied by United States citizens. Construction of a sea-level canal
would facilitate reduction of the United States presence in that it could be
operated and defended with fewer total personnel.

20. Construction of a sea-level canal on Route 10 or Route 14 would create great
economic benefits for Panama. Of the alternativts considered, the greatest benefits
in added employment and foreign exchange earnings for Panama would be derived
from con~structiona of a sea-level canal on Routo 10 and operating it together with

the existing canal as a single system.
21. United States canal objectives and enduring tranquil relations with Panama are

most likely of attainment under a treaty arrangement which gives Panama a greater
role in the canal ent:rprise than at present and justifiable economic benefits from
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canal activities, but the United States should retain effective control of canal
operations.

22. So far as the Commission is able to determine on the basis of limited studies,
linking the oceans at sea-level would not endanger commercial or sport fish on
either ,'ide of the American Isthmus. No significant physica! changes to the
environment appear proibsble outside the immediate areas of excavation and spoil
disposal. Tidal gates could be used to eliminate substantially the flow of water
between the oceans, and the wgze, between the gates would have incidental
temperature and salinity differences from either ocean that would constitute a
limited barrier to transfer of nmarine life. A definitive and reliable prediction of all
ecological effects of a sca-level canal is not possible. The potential for transfer of
Yarmful biota and hybridization o,,, displacment of species in both oceans exists but
the risks in-,olved appear to be acceptable. Long-term studies starting before
construction is initiateC arnd concinuing many years beyond the opening of a
sea-level uanal would be required to measure ecological effects.

23. A decision to construct a sea-level canal should allow for planning and construction
lead time of approximately 15 year, to meet the piojected date of need, which can
be fixed with increasing confidenec as it draws nearer. Other factors, however,
including the treaty terms with Panama that are ultimately negotiatec ... d ratified.
as well as the nationai priorities for Federal financing then existing, should be the
final determinants of whether the President should propose sca-level cartal
legisiaticr, to the Cong'ess.

24. Construction of a sea-'evel canal, if financed princially by the United States,
should bt pla ..led and carried out under the direction of an autonomous authority
of tbe United States Czrnrmnat.

Recommendations
Th.- Atlantic-Pacific Interoceanic Canal Study Commission* recommends that:

1. Any new canal treaty arrangement with the Republic o' Panama provide for:
a. Creation of aa IsthmL it caual system including both the existing Panama Canal

and a sea-level _ansl on Route 10, operated and defended in an equitable and
mutually acceptable 'ationship between t 'ie United States and Panama.

b. Canal op,-rating an "ense areas ,1iat includc both the existing Panama Canal
and Route 10.c. Effective control of canal operationt nd right of defense of the canal system

and canal areas by the United states, with such provisions for Panamanian
participation as are determined by negot'iition to be mutually acceptable and
consistent with other recommendations herein.

d. Acquisition of the Route 10 right-of-Aiy by the canal sysAem operating
authority as soon as practicable.

$Chairman mobert B. Andeison, becausc he i also Special Representative of tht Usrtcd Stales for United States-Pan _m%
R~elations, dism.ociated ILimself from Recomm Mlation 1. which conrern3 new treat. )ffange:ments with tiae Gov/ernmit
of Phanama.
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2. The canal system be operated to provide an equitable share of revenues and other
economic benefits for Panama consistent with efficiency of canal operationis,
financial health of the enterprise, and maintenance of toll levels that permit
effective competition with alternatives to the canal.

3. Other nations be encouraged to participate in financing the canal system, if such
multi-national participation is acceptable to the Government of Panama.

4. Subject to the priority of more important national requirements at the time, the
United States initiate construction of a sea-level canal on Route 10 no later than 15
years in advance of the estimated saturation date of the present canal, now
projected to occur during the last decade of this century.

5. When the rights and obligations of the United States under new treaties with
Panama are established, the President reevaluate the need for and desirability of
additional canal capacity in the light of canal traffic and other developments
subsequent to 1970, and take such further steps in planning the construction of a
sea-level canal on Route 10 as are then deemed appropriate.

6. Modernization of the existing canal to provide its maximum potential transit
capacity be acc:omplished, but no additional locks be constructed.

7. The United Stat-s pursue development of the nucleat excavation technology, but
not postpone Isthmi,*,_ canal policy decisions becav-e. of the possible establishment
of feasibility of nuclear exL,,ation at some later date.

8. The following studies initiated .: the course of the Commission's investigation, if
not otherwise completed beforehand, be continued to completion by the control
authority of the new canal system if such an authority is established and the Route
1 0 right-of-way acquired:
a. Investigation of the subsurface geology of the proposed trace of Route 10 to

permit selection of the exact alinement for design purposes.
b. Investigation of slope stability applicable to Route 10 geologic conditions.
c. Investigation into the hydrodynamics of large ships moving through confined

waters with variable currents.
9. A permanent agency of the Executive be designated to support and coordinate

public and private resear 7h activities that could contribute to the evaluation of the
poten.. environmental effects of a sea-level canal, and if the decision is made to
initiate its construction, advisc the President as to the organization fo. _:: funding
of such additional research as might be required to reach definitive conclusions.
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ENCLOSURE 1

COMMISSION AUTHORIZING LEGISLATION

Public Law 88-609, 88th Congress, S. 2701, September 22, 1964, 78 Stat. 990, as
amended by: Public Law 89-453, 89th Congress, S. 2469, June 17, 1965, 80 Stat. 203;
Public Law 90-244, 90th Congress, S. 1566, January 2, 1968, 81 Stat. 781; and, Public Law
90-359, 90th Congress, H.R. 15190, June 22, 1968, 82 Stat. 249:

AN ACT

To provide for an investigation and study to determine a site for the construction of a
sea level canal connecting the Atlantic and Pacific Oceans.

Be it enacted by the Senate and House of Representatives of the United States of
America in Congress assembled, That the President is authorized to appoint a Commission
to be composed of five men from private life, to make a full and complete in% ustigation and
study, including necessary on-site surveys, and considering national defense, foreign
relations, intercoastal shipping, interoceanic shipping, and such other matters as they may
determine to be important, for the purpose of determininp the feasibility of, and the most
suitable site for, the construction of a sea level canal connecting the Atlantic and Pacific
Oceans; the best means i')f constructing such a canal, whether by conventional or nuclear
excavation, and the estim.aqted cost thereof. The President shall designate as Chairman one of
the members of the Commission.

Sec. 2. (a) id. order to carry out the purposes of this Act, the Commission may-
(1) utilize the facilities of any department, agency or instrumentality of the

executive branch of the United States Government;
(2) employ services as authorized by section 15 of the Act of August 2, 1946 (5

U.3.C. 55a), at rates for individuals not in excess of $100 per diem;
(b) The members of the Commission, including the Chairman, shall receive

compensation at tl e rate of $100 per diem. The members of the Commission, including the
Chahiman, shall receive travel expenses as authorized by law (5 U.S.C. 73b-2) for persons
employed intermittently.

Sec. 3. The Commission .hall report to the President for transmittal to Congress on
July 31, 1965, with respect to its progress, and each year thereffter until the completion of
its duties. 1"he President shall submit such recommendations to the Congress as he deems
advisable. The Commission shall continue until the President determines that its duties are
completed, but not later than December 1, 1970.

Sec. 4. There are hereby authorized to be appropriated without fiscal year limitation
such amounts as may be necessary to carry out the provisions of this act, not to exceed
$24,000,000.
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REPORT OF THE

TECHNICAL ASSOCIATES FOR

GEOLOGY, SLOPE STABILITY AND FOUNDATIONS
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TECHNICAL ASSOCIATES FOR GEOLOGY, SLOPE STABILITY
AND FOUNDATIONS

OF THE
ATLANTIC-PACIFIC INTEROCEANIC

CANAL STUDY COMMISSION

CONSULTING GEOLOGISTS CONSULTING ENGINEERS
FRANK A. NICKELL - San Mateo, Calif. ARTHUR CASAGRANDE - Cambridge, Mass.
ROGER RHOADES - San Francisco, Calif. PHILIP C. RUTLEDGE - New York, N.Y.
THOMAS F. THOMPSON - Reno, Nevada

March 2, 1970

Mr. Robert B. Anderson, Chairman
Atlantic-Pacific Interoccanic Canal Study Commission
726 Jackson Place, N.W.
Washington, D.C. 20506

RE: COMPARISONS OF

INTEROCEANIC CANAL ROUTES

Dear Mr. Chairman:

The scope and organization of the following report result from discussions during the
meeting with Commissioners Hill and Fields in San Francisco on January 28 and 29, 1970.
It consists of two main sections, one concerned with Routes 17 and 25 that require nuclear
excavation and the other with Routes 10, 14C and 14S that wuld be constructed wholly
by conventional excavation. The concepts and conclusions have evolved from association
with the investigation since its beginning in 1965 and frcm continuous review of the
extensive investigations and reports of the Corps of Engineers' study groups. Detailed
technical recommendations, which were reported to the Corps of Engineers periodically
during the study, are not repeated here;n.

The comparisons between routes have been based on considerations of geology and
engineering related to design and construction of a canal, in light of the existing state of
knowledge of effects on slope stability, to result in an evaluation of the relative merits,
disadvantages, uncertainties and risks of routes for a sea-level interoceanic canal. In the first
main section Routes 17 ard 25 are compared assuming feasibility of nuclear excavation and
the feasibility assumptioi, is then considered. In the second section comparisons ol
conventional excavation routes are made between Route 10 and Routes 14C and 14S and
then between 'he latter two routes within the Canal Zone.
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ROUTES REQUIRING NUCLEAR EXCAVATION OVER
PORTIONS OF THEIR LENGTH

Routes 17 and 25 require nuclear excavation of very deep cuts through the
mountainous sections to make them economically feasible. These routes are first compared
in their entirety and then the feasibility of nuclear excavation for canal construction is
discussed. Assuming that nuclear excavation is feasible, comparison of Routes 17 and 25
logically divides itself into the mountainous sections requiring nuclear excavation, the
lower-lying sections excavated by conventional methods, and requirements for diversion of
flood waters.

(1) Mountainous Sections

The continental divide on Route 17 is near the Atlantic side and is near the Pacific on
Route 25. The highest elevations are roughly the same but the length of high elevation for
Route 25 is somewhat less. The geology and basic types of rocks are similar and will permit
relatively steep excavation slopes such as might be produced by nuclear blasting.

On Route 25 it seems possible for reasons of geology that nuclear excavation could be
extended farther to the east than shown on the construction plan, thereby reducing the
requirement for more costly con,entional excavation.

On Route 17 there is a second high ground section near the Pacific entrance. This
presents two distinct disadvantages; first, the geologic structure of the Pacific highland is
more complicated than in the continental divide and the rocks are less competent, creating
some uncertainty as to stabi1ty of slopes produced by nuclear excavation; and second, the
two separated sections requiring nuclear excavation doubles the number of interfaces with
conventional excavation sections. Such interfaces and transition zones between the two
types of excavation introduce uncertainties into design and construction. Design problems
include: (I) the selection of the points where the transition can safely be made, and (2)
determination of stable slopes for the transitions. Construction problems exist in extending
conventional excavation into the deep masses of broken rock created by larger nuclear
explosions.

In balance, the problems of nuclear excavation are less on Route 25 and this route is
the more favorable for nuclear construction if and when t'easibiliiy of the method can be
established.

t2) Conventional Excavation Sections

Route 17 includes a length of about twenty miles across th- Chucunaque Valley where
the average ground surface is about Elev. 200. The underlying rocks are clay shales of the
Sabana beds in which the possibility of creating stable slopes by nuclear excavation
procedures is very unlikely. In fact, proper slopes for conventional excavation would have to
be developed for these weak rocks and some trial excavations would be required to establish
economical safe slopes. In addition, it is not yet known how far the weaker rocks of
formations bordering the Sabana Beds extend into the foothills of the Atla tic and Pacific
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divide sections but geologically it seems possible that conventional excavation might have to
extend into relatively high ground, further increasing difficulties and costs.

In comparison, Route 25 has a length of eighty miles across the Atrato Swamps but the
surface elevation for most of this length is close to sea level. Generally, the materials for the
full depth of the canal prism are soft organic deposits and unconsolidated soils which can be
removed by hydraulic dredging. Techniques for building a canal in such materials are well
established, no unprecedented methods are required, and no significant difficulties are
anticipated. It would also be easy to widen or to divide the canal into separate channels in
this section if sufficient space is left between protective levees in the initial planning.

In summary, the greater length of conventional excavation on Route 25 is more than
offset by absence of grave uncertainties in de& Jn and construction as compared with Route
17.

(3) Flood Diversion Requirements

Route 25 has the disadvantage of large volume rivers with heavy silt loads 1lowing
toward the alignment in its lower reaches. These flows would create unacceptable conditions
in the sea-level canal; large and long tlood diversion channels are required on both sides of
the canal to carry the flood waters to safe discharge into the Atlantic, particularly on the
east side where the flood channel for the Atrato River approaches the size of the canal itself.
The penalty lies in volume of required excavation and cost, but no particular design and
construction difficulties are anticipated.

Head water river l~ows on Route 25 will enter the canal but the volumes of flow are
small and no particular difficulties are anticipated. On Route 17 it is planned to drop the
flows of the Sabana and Chucunaque Rivers into the canal. The flood flows here are
somewhat larger than the head water river flows into Route 25 and the silt load is expected'
definitely to be larger, creating a requirement for maintenance dredging in the Route 17
channel. No particular difficulties are anticipated in developing a design for safe dissipation
of energy where the waters of these rivers are dropped into the canal.

Feasibility of Nuclear Excavation

Feasibility of excavation by nuclear explosions is discussed in terms of: (1) the present
situation, i.e. the possibility of its being used with assurance for interoceanic canal
construction within the next ten years, (2) the requirements for a continuing program of
nuclear testing to assure future feasibility; and (3) the possibilities of future applicability to
weak rocks such bs the clay shales of the Chucunaque Valley. These discussions apply
exclusively to the physical development and configuration cf craters which woild result in a
usable canal and exclude all other effects of nuclear explosibns such as seismic, air blast, and
radiological hazards.

(I) Present Feasibility

The Technical Associates are in unanimous agreement that the techniques for nuclear
excavation of an interoceanic canal cannot be developed for any construction that would be
planned to begin within the next ten years.
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The reasons for this opinion are:
•L. Extension of the scaling relations now established by tests to the much higher yield

explosions is too indefinite for assured design and the "enhancement" effects due
to saturated rocks and row charge effects now assumed have not been proved by
large scale tests. There: is a definite possibility of a major change in the mecharnics
and shape of the crater formed by the much higher yield explosions required for
the canal excavations as compared to extrapolations from the relatively small-scale
tests carried out to date.

b. The effects of the strength of rock on the stability of "fall-back" slopes and the
broken rock crater slopes projecting above the fall-back to the great heights
req-ired for an interoceanic canal have not yet been established.

Therefore, the Technical Associates conclude that nuclear excavation cannot
safely be considered as a technique for assured construction of an interoceanic
canal in the near future.

(2) Future Development

The ecornomic advantages of nuclear explosions for excavation of the very deep cuts
required by an iiteroceanic canal are so great that the present "Plowshare" program should
be continued, extended, and pursued vigorously until definitive answers are obtained.
Assured application of this technology to design and construction of an interoceanic canal
wil! require an orderly progression of tests up to full prototype size, including full-scale row
charge tests, in generally comparable rock types, terrain and environment. Such a program
may well require another ter to twenty years to establish whezher or not nuc!ear excavation
technology can be used with po.itive assurance of success for construction of a canal along
Routes 17 or 25.

(3) Application to Excavation in Clay Shales

A growing body of knowledge and experience indicates that high slopes in clay shales,
as in the Chucunaque Valley, or in more competent rocks underlaid by clay shalts, as in
parts of the existing canal, may have to be ve:.y flat for long-term stability and to avoid the
danger of massive slides in the first few years after excavation. Some attempts have been
made to produce such flat slopes by elaborate explosive techniques, such as over-excavation
in anticipation of siides, multiple row charges, and successive series of explosions or
"nibbling" techniques for application to problems such as construction of a !.'.a-level canal
across the Chucunaque Valley. The Technical Associates believe Ahis to be a highly
unpromising line of investigation :vith ininimal chances of devtloping procedures that cou;d
)e used with assurance in the foreseeable future.

ROUTES CONSTRUCTED BY CONVENTIONAL EXCAVATION

Routes which would be constructed wholly by conventional methods are Route 10
about ten miles to the west of the existing canal and general!, outside of the Canal Zone
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and Routes 14 Combined and 14 Separate both in the Canal Zcne and near the existing
canal. The relative advantages, disadvantages, risks and uncertainties will be discussed first as
between Route 10 and either of the Routes 14 and second as between Route 14C ana
Route 14S.

Experiences with slides in the excavated slopes of the existing canal near the
continental divide clearly demonstrate that achieving reasonably permanent slope stability is
a major problem and would be a large economic factor in the design and construction on

any of these routes. Comparisons herein are based primarily on uncertainties and risks of
instability of excavated slopes, with some attention to the mtability of structures and
excavation spoil placed on top of the soft Atlantic mucks of the Gatun LaKe area. All
comparisons relate to the alignments and excavation slopes presented in the final reports
prepared by the Corps of Engineers' study groups operating under the supervision of the
Engineering Agent. It is recognized that some of the risks discussed herein have been
partially compensated for by adoption of different slope design criteria for the three routes,
as earlier recommended by the Technical Associates. The following discussion pertains to
remainAng advantages, disadvantages, uncertainties and risks.

Comparison of Route 10 with Routes 14C and 14S

Route 10 has the following advantages: (a) it could be constructed and placed in
operation without hazard to or interferences with the existing lock canal which could be
maintained on a standby basis. A slide during construct'on or in the first few years of
operation, while undesirable, would not result in comp'.ie blockage of trans-isthmus ship
passages as it would on Route 14C or 14S. (b) A large part of Gatun Lake could be
maintained permanently at its present elevation by barrier dams, which would not be
particularly difficult to construct where Route 10 crosses th' lake. (c) By virtue of its
separation from the existing canal and Gatun Lake, a large part of the excavation could be
accomplished in the dry by well-established construction methods. (d) Large portions of the
tremendous volume of excavation spoil could be transported to the Pacific and Atlantic
Oceans for useful ,ons t aiction of breakwaters and for disposal with the least effect on the
err ironment. (e) The terrain lends itself well to economical construction of a ship by-pass
channel near the middle third of the length, if increases in traffic should make this
necessary. This is not po, ssible on Route 14.

A major disadvantage and uncertainty of Route 10 along the alignment presently
explored is that about eight miles of the length across the continental divide, the highest and
largest excavation voluine part of the route, appears to be underlain by soft altered volcanic
rocks at depths which would have major unfavorable effects on stability of excavation
slopes. There is no precedent of excavation experience for the slope stability characteristics
of these soft altered volcanics but results of laboratory testing indicate that they may be at
least ?r, weak as the cLzy shales which have caused severe iiope instability along the existing
canal. Thus, relatively flat excavation slopes have had to be assumed, even when adopting an
"obsetvational ap-.,roach- in which trial slopes would be excavated and observeu as full-scale
tests to determie th;, steepeqt sale slopes.

The critical geology and structure of the underlying formations or Route 10 is
completely masked by a thick basalt capping across the divide area. it mvst be assumed,
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however, that similar structures and faulting as along the existing canal unde'!ie the basalt.
Some geologic evidence indicates that lateral shifting of the alignment of the reach through
the continental divide, perhaps by a mile or so, might encounter more competent underlying
rocks. If so, the disadvantage of higher ter-ain might be more than compensated for by use
of steeper slopes, thereby reducing both excavation volumes and uncertainties. Therefore,
design studies for Route 1 0 should include explorations of offset alignments in search of the
best rock and geologic structure. This will require a very large number of core holes to
depict the geologic conditions adequately for reasonable design and will necessitate one or
more years' lead time for accomplishment of these required investigations. It is the
geological consensus, however, that dlesign explorations will not disclose subsurface
conditions that are worse than those along the line nw explored and which are reflected in
use of coniservative soft rock slopes for tile entire eight mile length.

Routes 14C and 14S have the advantages of more extensive and complete subsurface
and surface geological explorations in the area of the existing canal and of smaller
excavation volumes due to the generally lower topography. An exception is the crossing of
Gatun Lake it its widest point where barrier dams to establish differences in water levels
may require large excavations and massive quantities of fill. Their disadvantages are almost
certain interferences with operations of the existing canal during construction, complete loss
of the existing canal during and after conversion to a sea-i-le! canal, and loss of Gatun Lake
in its present form. There are also uncertainties and risks of major slides which are discnissed
more fully in the comparison between Routes 14C and 14S.

Comparison of Route 14C with Route 14S

(I) Slope Stability

In the continental divide section. Route 141 j' Ilves hazards of major slides which
could close the existing canal for long periods of time during construLtion of the new canal,
and which thereafter could block the sea-level canal, These hazards result from much deeper
cxcavations through sections where landslides have already been vactivated by construction
of the existing canal. They would be particularly serious during the period of '-pid
drawdown ,equired for conversion to a sea-level canal. While allowances for this hazard have
been made in recommendations for slope design, there still remain unknowns and
uncertainties concerning the effeLts of the rapid drawdown (in a period of about ten days)
on the stability of slopes where past sliding and stress readjustment have created mniijor
planes of weakness.

Gold Hill presents a particular hazard to Route 14C. Observational records indicate that
this rock na,;.; is moving erratically and is squeezing softer materials below its base upward
into tile ,\isting canal, it is believed that safe construction of Route 14C would require
unloading of" Gld lill which will significantly ",atease the volume of excavation.

By virtue of its N.wparation thro')ugh the critical divide cut length, the hazard of slides
blocking tIh e~xstii v canal are much less for Route 14S. It is possible that its excavation
could sti!i endanger the stability of Gold Hill but both the hazard and magnitude of any
corrc.tive unloading woould bhe -reatly reduced.
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(2) Excavation and Excavation Spoil

Due to its location contiguous to the existing canal, Route 14C requires underwater
excdvation of large volumes of rock, excavation to depths greater than 150 feet below the
operating water surface by construction procedures which are without precedent. In
addition, a large part of the divide cut excavation spoil would have to be hauled to disposal
in Gatun Lake which would drastically change the configuration of the residual lake. In
contrast, practically all of the divide cut excavation for Route 14S could be made in the dry
by methods for which there is ample precedent and a large part of the excavation spoil
could be disposed of in the Pacific.

Excavation spoil deposited in Gatun Lake, whether it be in the form of barrier dams or
non-functional waste areas, will rest on the soft Atlantic muck deposits forming the lake
bottom. Stability studies for barrier dams in the central portion of the lake have shown that
these weak materials create major dangers of massive slides during the rapid drawdown of
the lake to sea-level, which is certainly required on the canal side of any spoil piles. Thus,
regardless of the intended purpose of the spoil piles, very flat side slopes and all of the
protective measures incorporated in the design of barrier darns will be required wherever the
spoil is not confined by existing rock islands. This condition applies equally to Routes 14C
and 14S although, for the latter, the voluiries of spoil in the lake could be greatly reduced.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the considerations summarized in the preceding sections, the Technical
Associates for Geology, Slope Stzbility and Foundations have reached the following
conclusions and recomine-,'ations:

i. The physical feasibiiity of excavation of a sea-level canal by nuclear explosions is
not rnow estabiished. Therefore, nuclear excavation cannot be recommende. for
consideration for any canal that should enter construction within the next ten
years. However, if design and construction of a new interoceanic canal are to be
deferred one or more decades, nuclear excavation techniques hold promise of such
great economic idvantages that investigational and testing programs, as recom-
mended in this report, should be pursued vigorously, but with the following
exception. Attempts to excavate stable slopes in deep cuts in clay shale rocks by
explosive procedures are so unlikely to produce acceptable or safe results that
further investigations or tests in this direction are not recommended.

2, Assuming that nuclear excavation ik now a feasible assured construction technique
and in terms of the technical uncertainties and risks then remaining, the choic:e
between Route- 17 and 25 is decisively in favor of Route _5 in spite of its greater
length.

3. For routes constr!,cted by :onventional excavatioi. the advantage of Route 10
being separated Irom the existing canal far outweighs potential difficulties and
uncertainties in comparison with ROutes 14C and 14S. If this roiite is selected, the
Technical Associates recommend that the existing canal be maintained in in
operational condition for at least ten years after a new sepanrte car.al has been
placed in operation. By having the existing canal available in tile event of a
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temporary blockage of the new canal, Route 10 would justify economies which are
in', tent in an observational approach to the selection of design slopes, but which
involve some risk of slides after completion of construction.

4. If for reasons not considered herein a route within the Canal Zone is considered
imperative, constructicn of Route 14S introduces substantially fewer hazards and
uncertainties than Route 14C. Foute 14C would result in filling large portions of
the Gatun Lake area with excavation spoil, which is not necessary for Route 14S,
and has substantially increased hazards of canal blocking slides caused by the
drawdown oý wawter levels accompanying 'onversion to a sea-level canal. Major
geologic surprises are not anticipated on these routes.

5. A valid companson cannot be made between Routes 10, 14C and 14S, all of which
would be excavated entirely by conventional means, and Routes 17 and 25, both
of which require nuclear excavation for the planned construction. Nuclear
excavation is not yet a proven construction technique and there is no assurance
that construction plans and cost estimates based on present knowledge are valid.
Therefore, dollar cost comparisons at this time have no true significance. The
comparisons presented herein between Routes 17 and 25 :e based on the
assumption that assured feasibility of nuclear excavation can be developed by tests
over the next decade or two, at which time construction on itoute 25 might be
planned with some confidence. !f earlier construction of a sea-level canal should be
recommended by the Commission, ;t is urged that the route selection be restricted
to Routes 10 and 14S which can be constructed by nresently known techniques of

design and excavation.
The Technical Associates for Geology, Slope Stability and Foundations hope that this

report, based solely on technical considerations of risks, tncertainties and favorable aspects
of the several routes considered for a sea-level canal, will be of assistance to the Commission
in its final de"'berations and recommendations.

Respectfully submitted:

Arh CuasW&ds, Cisamult~ag MaSior

A&4&. Q.-

rra.,k A. ackdll, Consultig Geologist

# e" Consulting Geologit

PCR: hc d hAZ4 0 i
Thomai fr. ThwdpeoK.-. oui" oa-gost
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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

July 7, 1Q70

Mr. Robert B. Anderson, Chairman
Atlantic-Pacific Interoceanic Canal Study Commission
Room 6217
726 Jackson Place, N.W.
Washington, D.C. 20506

Dear Chairman Anderson:

We were most pleased to have a report or, the last meeting of the Atlantic-Pacific
Interoceanic Canal Study Commission (CSC). With the tenure of CSC drawing to a close, we
believe this is an appripriate time for the Atomic Energy Commission to provide the CSC
with a brief status report concerning the work our laboratories have been doing in relation
to nuclear excavation and our current estimate concerning what can be accomplished vith
further investigations.

Since the establishment of the CSC we have oriented our nuclear excavation
experimental program so as to support the CSC studies and investigations. To date, we have
not been able to do all the experiments which would be required to make a determination
of the feasibility or infeasibility of using nuclear explosions for the excavation of the canals
,inder study by the CSC. It is thus clear that any decision made to construct a sea-level canal
.n the near future must be made without being able to rely on nuclear excavation.

While we have not developed the technology sufficiently to make a specific
determination of the feasibility of using nuclear explosions in the construction of a sea-level
canal, our laboratories have made great progress in understanding the cratering processes and
in designing explosives that minimize radioactivity. Some of their major technical
achievements have been:

I. Development of a basic understanding of crater mechanisms. This understanding
comes from theoretical studies, laboratory experimental work, and most impor-
tantly seven nuclear cratering experin.ents with yields ranging up to 100 KT. This
understanding provides a greater degree of confidence in the calculations now used
to design excavations, and also permits the specification of the important physical
properties of rocks which must be determined so as to make these calculations.

2. The first nuclear row charge experiment had dimensions and other characteristics
essentially as predicted.

3. ')evelopment of an understanding of seismic responsc through tests at the Nevada
Test Site, which now has exceeded one megaton yields with no adverse effects.

4. Reduction of the radioactivity associated with excavation projects. An explosive
specifically designed for excavation has been developed through a series of nine
tests. The last one was the FLASK experiment execz.Ated in Miy 1970 in which a
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reduction of radioactivity, of a factor of five below our previous levels, was
achieved. Although it is too late to incorporate the encouraging results from
FLASK into the CSC studies, I believe that you will be pleased to know that if
nuclear explosions were to be considered at some future date for canal
construction the radk,;?ctivitv would be an even smaller problem than is indicated
in the reports presently being prepared for you.

5. Development of a predictive capability, through 2xtensive measurements on nuclear
cratering experiments, for the distribution of radioactivity in the fallback, ejecta,
fallout, and long-range difi'w.in.

However, some technical problems still iemain and require further work. While the
understanding of cratering has been experimentally determined up to 100 KT, it is necessary
to conduct experiments at yields up to a megaton. In addition, experiments are needed in
rock of the same type as that expected along the rcutes of the canal, namely hard,
water-saturated rock, and weak clay shales. Furthermore, additional experimentation is
needed on nuclear row excavation to investigate close spacing concepts at high yields and to
determine if there are any unknown practical problems associated with connection of rows.
Additional work would also be useful in fwther reducing the radioactivity of excavation
explosives.

The Lawrence Radiation Laboratory is working on a more detailed technical summary
of the status of the excavation technology and the remaining qiestions. We will provide you
a copy of the summary as soon as it is available.

The rate of developrwent of the technology is not dictated so much by technical
problems as by international considerations and public attitudes. The great current
expression of public concern over the environment makes any experimental program such as
this one difficult to accomplish. However, as the record clearly indicates, we have always
proceeded in an extremely cautious manner in regard to environmental effects and we will
continue to do so. Our large research effort to date in this area has led us to the conclusion
that the risks associated with this application of nuclear energy can be kept to minimum
acceptable levels while, at the same time, we can derive great benefits from its utilization. It
is our opinion that, with the further improvements which we are confident can still be made
and with greater public unde.,standing of this technology, realistic environmental concerns
can only diminish.

One of the factors we are faced with is the constraint of the limited test ban treaty.
However, we have conducted our last five excavation experiments within these constraints
and would, of course, conduct future experiments similarly.

As shown by the discussions which took place during the negotiation of the
Nonproliferat-Dn Treaty, there is an awareness on the part of developing countries of the
potential benefits under Article V of the Treaty. We also cannot ignore the excellent and
aggressive program in nuclear excavation which 'ias been described by the USSR, and
particularly their stated plans for using this type of excavation on projects of a magnitude
similar to the sea-level canal between the Atlantic and Pacific Oceans.

Our commitments, the interest on the part of the developing countries, and the USSR
program not only establish a need for us to proceed with the development of nuclear
excavation technology but also, we believe, will aid us in overcoming the political and
emotional problems we currently face.
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In summary, it is our vic'v that, given the authorizations and funds, the problems
regarding technical feasibility can be solved within a relatively short time. Each step we have
taken in developing nuclear excavation technology has resulted in lowering the potential risk
involved. At the sarie time, our increased understanding of the cratering mechanics has
increased our belief in the potential benefit of this undertaking for mankind. Apparently the
USSR has reached a similai conclusion concerning the benefits and risks and is proceeding
accordingly. We believe ',hat, if for any reason .a decision to construct an interoceanic
sea-level canal is deiyd beyond the next several years, a nuclear excavation technology
might be available and provide a realistic option in canal construction considerations at that
time.

Sincerely,

Chairman
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CHAPTER I

HIGHE-GHTS AND CONCLUSIONS

SUMMATION

The Foreign Policy Study Group has identified four foreign policy advaiitages that
would accrue to the United States if a sea-level canal were constructed in Panama. The
Group has not encountered any insurmountable foreign policy disadvantages to such
construction.*

A sea-level canal would:
I. Benefit the trading nations ,- theo .orld, as well as serve Unic-J States international

trade interests by resolving the canal caracity problem into the 21 st century
2. Contribute 0, an enduring and sound relationship with Panama, which in turn

would help ensure the continued availability of a derendable and efficient interoceanic
canal to all maritime nations.

3. Facilitate strategic support for United States foreign policy, when required,
through its decreased vuln-eability and inc:eased size which gives greater mobility to our
ships.

4. Emphasizt the rnie of the United States as an international leader, particularly if
nuclear excavation could be used to demonstrate the power and promise of peaceful use of
atomic energy.

In light of its mandate to concentrate upon the foreign policy aspects of a sea-level
canal, the Study Group has not sought to determine whether the importance of the above
advantages is sufficient to warrp, t the expenditure of scarce United States resources which
have alternative domestic and international uses.

INTRODUCTION

The mandate of the Foreign Policy Study Group has been to determine and evaluate
foreign policy considerations involved in the question of whether to build and operate a
sea-level cinal. We have not attempted to evaluate the desirability of such a waterway on
other than foreign policy grounds. We have addressed the question of the addition of a third
set of locks to the existing waterway, in so far as it provices an alternative to a sea-level
canal in meeting essential United States interests.

The fundamental United States interest in a sea-level canal is the same as its interest in a
lock canal: to provide an efficient and dependable means of irteroceanic transit to the ships
of all nations on a non-discriminatory basis at reasonabl: iolis in order to promote world
commerce with attendant strategic and commeicial advantages.

A dependable and efficient interoceanic canal can best b: assured through an enduring
good relationship with the host country.

flTe question of tho effect of a wa-level canal on ecology would, we assume, be reslved before beginning construction. If
not, adverse internAtional reaction to the eccagicacl effect of construction wý,uld be a foreign rotiy disadvantage.
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The Group reLtognizes that construction of a sea-level canal in Panama would commit
the United States to rcsponsibilities involving an indefinite extension of United States
presence in Panama, and that there are problems associated with such presence. Given the
commercial and strategic importance to the United States of a transisthmian waterway,
however, the Group accepts the fact that some United Sta.es presence in Panama would
necessarily be extended whether or not a new canal is constructed, and considers the
problem manageable under satisfactory new treaty arrangements.

The main foreign policy considerations for the construction and operation of a sea-level
v!-ral relate to:

- The importance of a transisthmian passage to United States international relations.
- United States bilateral relations with the host country.
- How we might build a sea-level canal, where we might build it, how we might

operate it.

IMPORTANCE OF THE CANAL TO UNITED STATES
INTERNATIONAL RELATIONS

INTERNATIONAL TRADE

United States Trade Through the Canal.
The Report of the Study Group on Interoceanic and Intercoastal Shipping demon-

strates that the capacity of the existing canal ia terms of numbers of transits would
probably be reached by the end of this century, if not sooner. Seven~ty percent of the
tonnage of cargo transiting the canal originates or terminates in United States po:ts. For FY
1969 this portion of canal traffic amounted to some 70 million tons and constituted 10% of
the value of our foreign trade. Yet, as of 1970 there were about 1300 ships afloat, under
construction, or on order which ;,ere too large to enter the Panama Canal lock7. In addition,
there were approximately ! 750 more ships in these categories that could not pass through
the canal fully laden at all times because of draft limitations due to seasonal low water level.

Limitations on qsantity and size of ships transiting the causing n complicate commerce
by making shipping more costly and difficult, by causing economic dislocations for
suppliers, and by restricting supplies to consumers. These limitations thus could tend to
retard the expansion of our internatioiial trade.

Proceeding with the construction of additional canal capacity in the face of possible
deficits from the operation, however, may be regarded ;s an uneconomic use of our
resources.

Other Nations' Trade Through the Canal.
The two groups of other principal users include vi'r major trading partners, and other

friendly niations assisted by the United States and internationel agencies in developing their
economies. The pote-itial adverse effects listed above on United States commerce also apply
to these other nations which utilize the canal.

Many commodities, particularly petroleum, ore , metals and coal, which are the highest
tonnage items transiting the canal, are so competitive that significant changes in shipping
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costs can cause shifts to alternative sources of sup,,! ' Such bulk cargoes, however, can most
easily avoid the canal by using larger ships and al.,,rnative ship routing.

These bulk items are frequently important sources of foreign exchange for developing
nations. Poorer nations would also suffer should transportation difficulties limit supplies or
raise costs of food, grains and other agricultural commodities that are significant items in
canal traffic. Should the canal fail to serve world trade adequately, we would be blamed
because we are identified in world opinion as being responsible for the efficient operation
and defense of the transisthmian waterway.

Providing such service, however, especially through an outstanding engineering
achievement, would be harmonious with oar position of world leadership, would be
consonant with our publicly stated intention to continue to accommodate world commerce,
and would demonstrate our continuing interest in hemispheric devclopment and expanding
irade among the nations of the world.

Alternatives for Expanding Canal Capacity
(a) The existing canal can accommodate ships of 65,000 DWT. It has a maximum

potential capacity of 26,800 transits per year with improvements costing up to $100
million. Such investment would not, however, meet th.' problem of accommodating larger
vessels.

(b) A third set of locks would expand the capacity to about 35,000 transits per year.
Construction of locks to accommodate ships up to 150,000 DWT would cost about $1.5
billion. Such expansion would probably accommodate vessels in the trade into the 21st
century.

The proponents of the third lane of locks concept believe it has a major political
advantage, namely, that it can be built under the provisions of existing treaties. The
Panamanians oppose this view, although they agreed in Q 1939 exchange of notes clarifying
the 1936 Treaty that the United States could undertake additional construction- and we, in
fact, did.

(c) The sea-level canal preferred from an engineering point of view, i.e., along Route
10, could accommodate up to about 66,000 transits per year, depending on the success in
overcoming technical limitations suci as tidal currcnts. Its minimum capacity is estimated at
38,000 transits per year. Construction cost would be about $2.9 billion. It would
accmmodate ships up to 150,000 rYWT under all conditions, and would accommodate
ships up to 250,000 DWT under favorable tidal conditions. Other alternatives are feasible
but have higher construction costs. If restrictive technical conditions prevailed this would
resolve tz capacity problem only until the early part of the next century. Under optimum
conditiors capacity problemq would be resolved beyond the middle of the 21st century.
Under both conditions the canal could be expanded, at additional cost, for as much capacity
as required in the future. New treaty arrangements with Panama would be required.

Operation of the sea-level canal described above in conjunction with the existing canal
would provide even greater capacity and flexibility.

We conclude that United States trade interests would best be served by our arranging to
provide additional canal capacity before demands for transits exceed capacity. A sea-level
canal or canal system would best serve our long term trade interests.
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STRATEGIC CONSIDERATIONS

Our ability to defend the canal and thereby a-oare its continuing operation is of
importance in enabling us to defend ourselves and assist our friends militarily. Whether the
canal is lock or sea-level is ef great importance in this regard.

Vulnerability of a Lock Canal

A lock canal is highly vulnerable both to sabotage and to various forms of military
attack. It is difficult to safeguard. The Defense Study Group has concluded that a sea-level
canal would be far less vulnerable than either the present canal or any of the modernized
versions of a third lock canal.

Mobility of Forces and Materiel
A secure isthmian canal is important to the effective support of military operations

overseas. From the standpoint of foreign policy this means increased availability of military
resources to support our foreign policy objectives to the extent that such support is
required. It implies the need for a canal that will accommodate the increased size of both
naval and merchant ships.

We conclude that the canal is important for our national defense as well as for the
military support of our foreign policy. According to the Defense Study, considerations of
vulnerability and size which inhibit our strategic capabilities are best overcome by a sea-leve
canal.

UNITED STATES BILATERAL RELATIONS WITH THE HOST COUNTRY

BACKGROUND OF OUR RELATIONS WITH PANAMA

Sources of Friction
The 1903 Treaty, amended in i936 and 1955, has been a continuing source of friction

in United States-Panamanian relations. The principal points at issue have included the
following:

(a) Panama's desire to derive a greater share of the economic benefits resulting from
canal operations.

(b) The grant to the United States of "the rights, po"'er ,!nd authority within the
zone...whicil the United States would possess and exercise if it were the sovereign of the
territory...to the entire exclusion of the exercise by the Republic of Panama of any such
sovereign rights, power or authority." This conflicts with Panamanian aspirations concerning
the most important asse'i on the isthmus-the Lanai.

(c) The presence and the life-style of a large United States community living adjacent
to Panama's urban areas (there are approximately 38,000 United States military and civilian
personnel living in the Canal Zone).
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Recent Developments
The 1936 and 1955 amendnments to the treaty, as well as the 1962-63 discussions

between Presidents Kennedy and Chiari, reflected efforts to deal with frictions caused by
_ ~existing canal arrangements without P'undamentai change in treaty structure. Failure to

satisfy basic Panamanian aspirations caused growing frustration that erupted in the January
9, 1964 riots, in which in least 18 Panamanians and 4 American soldiers were killed, over
100 persons were injured, and property valued at several million dollars was destroyed.

On December 18, 1964, President Johnson issued a statement declaring that the present
canal would soon be inadequate for the needs of world commerce and that he had decided
to (1) press forward with plans for a sea-level canal; and (2) propose to the Government of
Panama the negotiation of an entirely new treaty for the existing canal.

On June 26, 1967, President Jolvson announced that the negotiating teams had
reached agreement on the form and content of three interrelated treaties covering the
existing canal, a new sea-level canal, and canal defense. These treaties were never submitted
for ratification by either government.

If a sea-level canal were to be constructeti. its value in terms of United States-
Panamanian relations would be judged on the degree to which it made possible a more
enduring good relationship by facilitating the resolution of the principal points at issue
between the two countries.

CANAL ADMINISTRATION AND ECONOMIC BENEFITS

Value of the Asset
A sea-level canal would be simpler to operate than a lock canal and would be less

subject to interruption. Thus, administrative arrangements would be simplified.
Its construction would also create economic benefits for Panama and assure that all

foreseen requirements for ship transits are met in Panama rather than in another country.

Benefits to Panama
Construction of a new canal anywhere in Panama or improvements to the existing canal

could be beneficial to that nation's economy. These benefits could result both from the
increased economic activity during the construction period and from the additional revenues
from increased traffic which would be available to Panama if a revenue-sharing arrangement
wexe adopted.

The Stanford Research Institute estimates that in peak construction years, based on the
method and route of construction, Panama's Gross Domestic Product would be from 6.3%
to 9.5% higher than it would be without construction.

JURISDICTION

There are characteristics of a sea-level canal wh'ich would lend themselves more readily
than those of a lock canal to the satisfaction of basic Panamanian aspirations of exercising
jurisdiction in the Canal Zone. Without the requirement for sensitive locks and generating
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plants, and large numbers of foreign personnel, it would be possible to reduce the Canal
Areas to a minimum and to permit a broader exercise of Panamanian jurisdiction in these
areas. This presumes that a sea-level canal would be operated instead of, not in addition to,
the lock canal. This particular advantage would not be attained if the sea-level canal and
lock canal were operated as a system.

THE LARGE FOREIGN PRESENCE

United States presence in Panama is emphasized both because of the number of
American residents and because the United States is such a large employer. A sea-level canal
would require about 2200 operating employees compared with the 5000 required to operate
and maintain the present canal. The present canal complex also has approximately 10,000
additional employees engaged in providing the entire spectrum of commercial ,ctivities and
community services for the Canal Zone. This latter group, too, could be drastically reduced
under new arrangements. Most of the services performed by these 10,000 employees could
be provided by the Panamanian business community and government, and need not
continue as functions of the canal operating authority. Since a sea-level canal if operated by
itself would not have vulnerable lock installations, the military force protecting it could be
less pronounced. The size and visibility of a separate affluent community of foreigners within
Panama would be reduced.

We conclude that construction of a sea-level canal would facilitate a more enduring
good relationship with Panama than would augmenting the existing canal. It would also
secure more certainly the availability of an efficient and dependable canal. Construction of a
sea-level canal would bring important economic advantages to Panama, thereby further
contributing to the enduring and sound relationship we seek.

FOREIGN POLICY CONSIDERATIONS IF A CANAL WERE
CONSTRUCTED OUTSIDE OF PANAMA

Construction outside of Panama would cause grave repercussions in our relations with
Panama. The canal-centered economy of Panama would be disastrously affected.

Colombia
Because of the more diversified Colombian economy, a canal in Co!ombia would not

play the major economic role it does in Panama. On the other hand, making arrangements
for the defense of the routes in Colombia would pose difficult political questions for the
United States and Colombia, and the cost of building 'd maintaining defense facilities
would be higher for the Colombian than for the Panamanian routes. The major foreign
policy difficulty would be the serious consequences to United States relations with Panama.

We conclude that construction of a sea-level canal on Route 25 would merit further
consideration only in the event that mutually acceptable arrangements could not be reached
between the United States and Panama for construction of additional canal capacity in that
country.
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Nicaragua
The Nicaragua-Costa Rica Route has been discarded ftom further consideration by the

Canal Study Commission because of its expense in comparison with other canal routes.
Route 8 offers no significant foreign policy advantages that would counter-balance other
arguments against construction in that area. In light of these considerations, the United
States has moved to terminate its 1914 treaty relationship with Nicaragua (the Bryan-
Chamorro Treaty) that grants the United States the right in perpetuity to build a canal
across Nicaragua.

We conclude that construction of a sea-level canal along Route 8 is not a feasible
project.

HOW WE MIGHT BUILD A SEA-LEVEL CANAL, WHERE WE

MIGHT BUILD IT, HOW WE MIGHT OPERATE IT

NUCLEAR EXCAVATION

The prestige the United States would derive from having constructed a sea-level canal
would be enhanced if it were to prove feasible to employ nuclear excavation. The USSR is
moving ahead with a series of projects which give that nation an opportunity to demonstrate
its own advances in the field of peaceful uses of atomic energy. The excavation of a sea-level
canal by nuclear means would provide the United States a unique opportunity to
demonstrate progress on its part in this field on a massive scale.

Nuclear excavation would, however, raise fears regarding physical harm to individuals
and the disruption of their lives. Residents of the area chosen would have to be relocated
during construction. Evacuation would affect over 3,000 square miles and involve perhaps
10,000 people on the best route for nuclear excavation. The psychological and sociological
implications present problems that could prove formidable.

The restrictions of the Limited Test Ban Treaty on the use of nuclear explosives pose
another problem. It is not possible to determine whether or when international agreement
can be reached that would permit the use of nuclear explosives in Isthmian canal
construction.

The technical feasibility of tuclear canal excavation has not been established.
Determination of technical feaibility and removal of international treaty obstacles to
nuclear excavation would still teave great political and economic objections to a sea-level
canal remote from Panama's metropolitan centers.

We conclude that, based on information currently available, nuclear canal excavation is
not now possible.

PDSIRABILITY OF VARIOUS ROUTES IN PANAMA

Route 17 (Figure 1-1)
A sea-level canal in the Darien region would be more than 100 miles from the

population centers of Panama and therefore should remove some of the lesser causes of
friction. Sparsely populated areas of Panama would be developed if this route were chosen.
Both of these advantages would probably be counter-balanced, however, by the foreign
policy problems attending nuclear excavation and by the economic dislocation involved.
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The flow of resources into the development of the remotc Darien region which w.u.Ild
result from the construction of the canal there would take place to the economic detriment
of the Panama City-Colon metropolitan areas. About $300 million per year in economic
activity would shift with the canal. Although in the long run construction of a canal in
Panama remote from the present one would probably not cause significant overall 1--,nomic
changes in the structure of the economy, major short run economic dislocý.lons would
result.

Route 10 and Route 14 (Figure 1-2)
Both routes in the area of the present canal have the same general foreign policy

implications. The advantages of a sea-level canal are not adversely affected by any major
foreign policy considerations here. New treaties with Panama would be required to permit
construction. There might be some inflation during the construction period and some
deflation with the opening of a sea-l-.vel canal requiring less manpower than the lock canal,
but in neither case would it be substantial enough to stir up new antagonisms if the treaty
terms for the new canal were acceptable to both parties. Route 14 has the advantage of
being within the present Canal Zone while Route 10 would require special arrangements
with Panama to acquire land and access rights. The risk of long term closure of the existing
canal during the construction period and its permanent elimination as a canal with the
opening of a sea-level .canal on Route 14 are major drawbacks to thi,, route.

The proximity of both routes to the principal metropolitan areas raises the problem of
friction between the canal administration and the local population. The reduction of
personnel envisaged through a sea-level canal would ease this problem. At the same tirme,
availability of labor and supplies from the nearby Panamanian cities for the construction
and operation of the canal provides positive benefits both to the Panamanian economy and

to the United States.

Continued Use of the Lock Canal Along with a Sea-Level Canal
The greatest flexibility in the Unitel States choice of alternatives and timing of new

construction, as well :is the largest total capacity at least cost, are offered by operating the
old canal and ! sea-Il1vel canal on Route 10 as a single system within the context of new
treaty arrangements.

We conclude thit the order of preference of the sea-level canal routes in Panama or
foreign policy grounei.s is: Route 10, Route 14, Route 17.

POSSIBILITY OF INTERNATIONAL ADMINISTRATION

There has long been discussion concerning the possibility of arranging some form of
multinational participation in the operation of an Isthmian canal. The 1967 treaty drafts
contain provisions for multinational participation in the financing, ownership and operation
of a sea-level canal, but the exact terms of any arrangement are left open for future
agreement. While United States interests might be served by some form of multinational
participation in the future, the foreign policy benefits do not appear great.
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Panama has been cool toward multilateral arrangements for the canal. The inducements
for multinational participation are not great to major user nations, who appear to believe
that the operation of an Isthmian canal is primarily a United States responsibility.

We conclude that international participation in a sea-level canal is unlikely of
attainment under foreseeable circumstances. Over the long run, however, some form of
international participation may be obtainable and may be the best long-term guarantee of
United States interests.
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CHAPTER 1I

HISTORICAL BACKGROUND

The United States and Panama have been engaged in a partnership which has produced
great benefits for both countries, but which from the beginning has also been the source of
antagonism between them. The antagonism is compounded by the vast differen..es in size
and wealth, by the divergent interests of the two countries in the managem,-nt of the canal,
and by barriers of language and culture.

In 1964 this interdependent but uneasy relationship suffered a setback. In that year the
subtle and complex issues which had stood between the two countries for sixty years were
reduced to symbols, conveniently simplified in a confrontation of flags. The youths of the
two nations used the symbolic representations of their nations to influence the course of
events. They tried to upset the agreement reached by their governments in 1963 that
Panamanian titular sovereignty over the Canal Zone would be recognized by flying the

Panamanian flag wherever the United States flag was displayed. The determination of each
student group to rais- its nation's emblem on the flagpole of an American school in the
Zone led to three days of rioting and the death of at least 22 persons. Panamanian demands
for a basic restructuring of the canal partnership took on added urgency.

United States Interest in an Isthmian Crossing
Evea before the United States began to face two oceanis, An'erican statesmen were

convinced of the need to guarantee unobstructed passage across the Isthmus. This interest
grew when the country's western frontier finally reached the Pacific with the settlement of
the Oregon boundary in 1846, and especially after gold was discovered at Sutter's Mill and
'49ers found the Isthmus to be the principal route to California. The United States then
sought to check the spread of British influence in the area, and to guarantee for itself
unimpeded passage over the existing routes and through any canal crossing that might be
built. In 1846 the United States Ambassador to New Granada (Colombia), which then
controlled what is now Panama, negotiated a treaty in which the United States recognized
New Granadan sovereignty over Panama, and New Granada guar.iateed to United States
citizens the right to passage across the Isthmus on the same basis as to the citizens of New
Granada.

In the face of expanding British presence in Central America, the United States
concluded the Clayton-Bulwer Treaty with Britain in 1850 to assure that any canal
constructed on the Isthmus would be neutral and that neither country would fortify or
exercise domain over any part of Central America. Later, in response to the clear United
States intention to build a canal somewhere on the Isthmus, Britain agreed, in the
Hay-Pauncefote Treaty of 1901, that the United States could operate and defend a new
canal provided its ncuL;rality as a shipping lane were maintained.
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The Beginning of a Partnership
United States-Panamanian relations had their beginning, and take much of their

character, from a period in which the United States was emerging as a world power. The
Spanish-American War established the United States as the prime power in the Caribbean
and aroused new interest in that area among people in the United States. The sixty-six-day
journey of the battleship "Oregon" around Cape Horn during the war dramatized how
advantageous a canal would be for United States strategic policy.

The treaty that established the association between the United States and Panama was
more favorable to the United States than the Hay-Herran Treaty which the United States
had been ready to accept a year before, but which the Colombians had refused to ratify.
The Panamanian leaders arrived in Washington just after the Convention for the
Construction of a Ship Canal was signed, and though they were dissatisfied with some of its
provisions, they apparently were relieved to have a treaty and signed it. The treaty was
ratified by both sides, but Panamanian objections were registered with growing intensity
over the years thqt :Allowed.

Panama Seeks to Undo the 1903 Treaty
Panamanian nationalists today see the treaty as an intolerable derogation of their

country's sovereignty. Both the wording of the treaty, and tiae way the United States r t its
provisions into practice, have much to do with Panamanian resentment. In the early years of
Panama's independence, during the construction and initial operation of the canal,
conditions on the Isthmus caused the United States to adopt practices it probably would
have avoided if sanitation had been less of a problem, if Panama's economy could have
better supplied the needs of the Canal Zone, and if Panama's population had had the skills
to pcrform the tasks of canal construction and operation.

The United States Government operated the largest commercial enterprise in Panama,
supplying goods at reasonable prices to the workers, adequate sanitary housing, and stores
to ships passing through. Our Government even went 'nto the hotel business. The
commissaries which were established within the Canal Zone beezame a continual source of
irritation to Panamanians who saw themselves excluded from the opportunity to exploit
car-al-relat-d commerce.

This problem was first dealt with in the Hull-Alfaro Treaty of 1936 which restricted
sales in the commissaries to direct-hire employees of the United States Government,
members of the United States Armed Forces, and certain others, provided the latter actually
lived in the Zone. In the same treaty the United States agreed to close the Zone to the
establishment of new private busincss, except to those engaged in canal related activities.

In the 1955 Treaty of Mutual Understanding and Cooperation between the United
States and Panama, it was agreed that only those Panamanian employees who actually lived
within the Zone would be allowed to use the ccmmissaries. The 1955 agrevnomnt also carried
a memorandum of understanding in which the United States agreed to limit sales to passing
ships to petroleum, oil, and lubricants, and to give Panama, along with the United States, a
larger right to the Canal Zone market.
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The Panamanians, of course, were not just interested in the indirect benefits that canal
related commerce could bring. They also demanded more direct benefits through the canal
annuity. Under the 1933 Treaty Panama received an immediate $10,000,003 payment, and
a United State:4 promise to pay $250,000 in gold dollars each year. In the 1936 Treaty, as an
adjustment for the 1934 reduction in weight of the United States gold dollar, the annuity
was char,,- d to $430,000. The annuity was increased to $1,930,000 in the 1955 Treaty.
However, 7'!,,maaians insisted that the amount was too low, and urged the United States to
rise to!!s to allow higher annuity payments.

Tile changes made by the 1955 Treaty contributed to the economic up-swing that
began in Panama in the late fifties. To the Panamanians, however, progress in implementing
the provisions of the treaty seemed slow, and this was one of the major points of discussion
in the meetings between the two countries' Fesidents in 1962.

The cultural, political, and philosophical differences between those who came to
construct and operate the canal and those who were descended from the Spanish colonizers
may be more important than the economic considerations. The distinction between the
skilled workers, mostly from the United States, and the local laborers, from Panama and the
Caribbean, was also soon clearly drawn by thc practice of paying the former in gold and the
latter in silver.

Fven after the specie payment was abandoned, "gold" and "silver" signs directed each
clmss to separate public utilities, including drinking fountains, post office windows and rest
rooms. These signs were finally painted over in 1946. A carry-over f;om the old specie
p~yments was also seen in a double set of wage standards. Although Panamanipns were
eligible for "United States rate" positions, most in fact worked in "local rmt" jobs.

This dual payment systeiji was considered by Panamanians to be a form of
discrimination against them it, their own country. Provisions in the memorandum of
understanding annexed to the 1955 Treaty saught to establish equal employment conditions
for Panamanian and United States citizen employees of the United States Government in
",e Zone. Separate rates of pay were abolished, and the right of Panamanians to compete
for jobs at all levels was recognized. The United States committed itself to creating training
programs to help qualify Panamanian employees for more responsible positions. For the last
several years increasing emphasis has been placed on providing employment opportunities in
higher paid positions to non-United States citizens. Sincc it wouid be uneconomical to
recruit unskilled employees from the United States, the lowest paid positions continue to be
filled by Panamanians.

Pressure Begins to Build
In the late 1950's, United States Policy came under increasing attack. In this rising

,-1,111'ITe of anti-Americanism, Panamanians, particularly the stuieAL population, stepped up
their protests against the United States presence. In 1959 demonstrations were organized for
th,- first time against the -anal Zone. On Fanama's Independence Day, November 3, 1959, a

":;ove.eignty march" entered the Zone to plant the Panamanian flag. The demonstrators
were pushed back by Zone police and violence followed in the streets of Panama City.
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The United States, which had granted substantial concessions in 1955, moved quickly
to cap the rising pressures building within Panama. President Eisenhower dispatched
Livingston Merchant as Special Ambassador to Panama. At a public ceremony, Ambassador
Merchant publicly voiced recognition of Panama's "titular" sovereignty over the Canal
Zone. Efforts were made to reconcile Panamanian opinion and in September, 1960 the
United States agreed that Panama could raise its flag at one prominent place in the Zone to
symbolize Panama's titular sovereignty. The flags of both countries were raised at Shaler
Triangle on November 25, 1960, but even this step was marred when the chiefs of the three
branches of the Panamanian Government declired to attend the inaugural flag raising
because a Panamanian was not allowed to hoist the flag.

The Kennedy Years
United States-Panamanian relations continued to be strained throughout the years of

the Kennedy Administration. In June of 1962 Presidents Kennedy and Chiari met, and
agreed to bilateral discussions to find those points _f friction that could be resolved within
the framework of the existing treaty arrangements. The United States Ambassador to
Panama, Joseph Farland, and the Governor of the Canal Zone, Major General Robert
Fleming, were appointed to represent the United States at the discussions in Panama.

One of the few changes which was agreed upon was the use of the Panamanian flag
wherever the United States flag was flown. The new rule was adopted in steps throughout
the Zone, and in January, 1964 it was applied tc the United States high schools in the Zone.
But in practice, it was d,. ided that United States flags would no longer be displayed outside
the schools, in order to avoid the construction of a number of duplicate flag poles.

The 1964 Crisis
The youth of the two nations set the course of events. On Januay 7 the American

stuihnts of Balboa High School in the Zone ran the Stars and Stripes up the flag pole in
front of their school. The flag was taken down by school authorities, but the students ran it
up again. On January 9 a large group of Panamanian studenta entered the Zone determined
to raise the Panamanian flag in an equal position. A scuffle with the Zone police followed
and the Panamanian flag was torn.

A large Panamanian crowd claiming desecration of their flag tormed along the Zone
border and for the next several days rioting in Panama City and Colon was marked by
attempted intrusions into the Zone by rioters, and sniping into the Zone by persons in
tenements across the border. The rioters, mostly students and laborers, were urged on by
radio and television, and by agitators. By January 12 when the rioting finally ended, there
were at least 18 Panamanians and four United States soldiers dead and more than 100
injured on both sides.

The government of President Chiari accused the United States of aggression, and broke
diplomatic relations. It demanded that an emergency meeting of the Council of the
Organization of American States be called as provided for under the Rio Pact, and also that
a meeting of the United Nations Security Council be convoked according to the United
Nations Charter. Later, Panama claimed that the United States had violated the Dekcaration
of the Rights of Man, and appealed to the Internatlonal Commission of Jurists.
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The conclusions of the investigating committee appointed by the International
Commission of Jurists did not support the allegation that the United States had violated
various articles of the universal Declaration of the Rights of Man. Moreover, it regretted that
the Panamanian authorities nmade no attempt during the critical early hours, as well as for
almost three days thereafter, to curb and control the violent activities of the milling crowd.
But a ý the same timne, it urged the United States to take effective steps to make possible a
reorientation and c~iange in the outlook and thinking of the people living in the Canal Zone.

President Johnson, confronted with this crisis after only a month in office, dispatched a
special mission to Panama to encourage restraint and an end to the violence. He expressed a
willingness to discuss all issues, but only in an atmosphere of calm and reason. Though
diplomatic relations were resumed three months later, the ensuing period demonstrated the
depth of each country's feelings and marked the gulf between them.

The Presidential announce ment in December 1964 that the United States was prepared
to negotiate an entirely new treaty with Panama and that we should press forward with
plans for a sea-level canal signaled the beginning of a new stage in United States-Panamanian
relations.
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CHAPTER III

THE CASE FOR A SEA-LEVEL CANAL

The idea of a sea-l'.vel canal is not new. A sea-level canal across the American isthmus
that could safely and efficiently transit all the world's ships has been a goal of canal planners
since the narrow crossings were discovered by Balboa four and one-half centuries ago.

The "battle of the levels" began in earnest in 1875, when Suez Canal builder Ferdinand
de Lesseps persuadei the International Congress for Consideration of an Interoceanic Canal
to vote to build ;a sea-level canal in Panama after a lengthy debate over the merits of a
high-level lock carnal. Construction began in 1881, but the engineering and health problems
wert, overwhelming at tl.e time. Mismanagement, disease, and impending bankruptcy led to
a reluctant switch to a more easily built lock canal as an attainable goal. Nevertheless, even
this reduced eifort failed. In 1903 the historic objective of a sea-level canal was revived in
the United States. President Theodore Roosevelt's Board of Consulting Engineers voted 8 to
5 for a sea-!evel canal, the Senate Committee on Interoceanic Canals favored a sea-level canal
by 6 to 5, but the Senate as a whole decided upon a lock canal by a vote of 36 to 31. While
acknow!edging the ultimate desirability of a sea-level canal, the Senate chose to construct
the les. costly lock canal initially.

Several recent major studies of the Panama Canal have continued to endorse the
long-range goal of a sea-level canal:

- In 1947 the Governor of the Panama Canal reported pursuant to Public Law 289,
79th Congress, which required a canal study, that: "a sea-level canal constitutes the only
means of meeting adequately the future needs of commerce and national defense, and such
a canal can be obtained most efficiently and economically by converting the present Panama
Canal to sea-level".

-- In 1960 the President of the Panama Canal Company reviewed the 1947 study and
recommended immediate investigation of the possibility of excavation of a sea-level canal by
nuclear methods. If the nuclear-excavation technology were not developed by the early
1970's, he believed that plans should be made for the conversion of the existins' caiial to
sea-level by conventional methods.

- In its Report on a Long-Range Program for Isthmian Canal Transits in 1960, a
Board of Consultants to the House rommitte,; on Merchant Marine and Fisheries concluded
that "the ultimate solution to the basic problem of increasing the capacity is probably a
sea-level canal, but its construction should await a traffic volume that can support the large
cost".

President Johnson's Decision
In March of 1964, President Johnson asked Congress for authority to conduct a new

sea-level canal study. A bill was approved in September as Public Law 88-609. On
December 18, 1964, the President announced his decision to begin international discussions
of the possible construction of a sea-lewel canal, and to negotiate new treaties with Panama
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to replace the treaty of 1903. In his statement the President said: "So I think it is time to
plan in earnest for a sea-level canal. Such a canal will be more modern, more economical,
and will be far easier to defend. It will be free of complex, costly, vulnerable locks and
seaways. It will serve the future as the Panama Canal we know has served the past and the
present" The President's decisions stemmed from an awareness that new treaties could meet
many of Panama's aspirations in the Canal Zone and still protect United States interests in
the Canal.

A sea-level canal would require a direct operating staff of approximately 2200 persons,
of whom few need be skilled United States technicians. This compares with the nearly 5000
operating personnel of the present canal supported by some 10,000 additional Canal
Company and Canal Zone Government employees who provide the entire range of
community services to the canal operators and a large part of such services for the Zone's
military bases. Some 5000 of this 15,000 total are United States citizens.

An alternative way to meet world trade demands of the immediate future would be to
add a third set of locks to the existing canal. Such a canal, however, would not
accommodate trade needs for the more distant future because of the number of ships that
are expected to seek passage. Moreover, it would increase the requirement for operating
personnel.

A sea-level canal, on the other hand, would under optimum conditions accommodate
world traffic for the foreseeable future and would permit a major reduction in personnel.
The less vulnerable and more easily defended sea-level canal offers significant political
advantages. It would permit greater United States flexibility in canal defense arrangements.
Should the United States decide to build a sea-level canal and to operate it in conjunction
with the lock canal, it would have to provide canal defense arrangements for both routes.
These arrangements should be possible with no increase in defense personnel.
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CHAPTER IV

PANAMA AND A SEA-LEVEL CANAL

UNITED STATES-PANAMANIAN BILATERAL RELATIONS

Relations between the United States and Panama are concerned primarily with the
Panama Canal, which has been true ever since Panama attained its indepdelnce. The United
States interest is to guarantee the continued existence of an efficiently operated and
adequately defended interoceanic waterway that charges reasonable tolls and is open on a
non-discriminatory basis to the traffic of all nations. The Panamanian view is that its
geographic location, which makes a canal possible, is Panama's greatest natural resource,
one it has the right to exploit in what it deems to be its own best intere sts. Striking a
mutually satisfactory balance between the differing interests of the two nations in the canal
is a primary concern of t9nited States policy toward Panama.

After President Johnson's statement of December 18, 1964, United States policy wvs
directed toward negotiating new treaties that would eliminate some of the causes of friction
over the existing canal and secure for the United States the right to construct a sea-level
canal in Panama. By June of 1967, United States and Panamanian negotiating teams had
reached agreement on three treaty drafts and referred the drafts to their respective
governments for consideration.

SUMMARY OF 1967 DRAFT TREATIES*

Lock Canal Treaty
The draft treaty covering the existing canal contains the following essential points:
I. Existing treaties would be abrogated.
2. The canal and all properties and adjuncts, and the administration of a reduced

"Canal Area" would be transferred to a bi-national Administration governed by a
Board of Governors composed of 5 Americans and 4 Panamanians appointed by
the respective Presidents for six-year terms subject to removal for cause by the
appointing Presidents.

3. Executive and legislative powers relative to the administration of the canal and
Canal Areas would be vested in the Joint Administration, subject to detailed treaty
provisions.

4. The Administration would have the right and power to set up a court of general
jurisdiction to deal with civil and criminal cases in the Canal Areas. United States
armed forces and their American civilian component would be subject to special
(status of forces) provisions under the Defense Treaty.

5. Panama would be sovereign over the Canal Area, subject to jurisdiction vested in
the Joint Administration in matters directly related to canal operations.

*It should be noted that the assumptions now adopted regarding the construction o. a k-a4evel canal are different from
those which existed when the draft treaties were negotiated.
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6. The United States Government, as such, would have no direct control over canal
operations or the Canal Area; it would have a one-man majority on the Board of
Governors of the Joint Administration, by virtue of the five members appointed by
the Presideilt on the nine-man Board.

7. The Treaty would terminate, and the canal and Canal Area become the property of
Panama, on December 31, 1999, or sooner if a sea-level canal were opened before
then, or r.o later than 2009 if a sea-level canal were under construction on
December 31, 1999. (Comment: If no sea-level canal were to be constructed the
existing canal would thus become Panamanian property on December 31, 1999.)

8. Fa~iama would receive royalties paid from tolls, based on the amount of traffic
through the canal.

Sea-Level Canal Treaty
The draft sea-level canal treaty would in effect give the United States an option to build

a sea-level canal with certain essential terms to be arrived at through subsequent negotiation,
including financial arrangements, the use of nuclear excavation in construction, and the
identification of land areas. Additionally:

I. The option would extend for 20 years.
2. The United States would finance the canal but could, after consultation with

Panama, arrange for international and private participation.
3. The canal would be operated. by an Interoceanic Canal Commission, governed by 5

Americans and 4 Panamailians as in the draft treaty for the present canal, with
provisions for additional members representing other financial participants, if any.

4. The treaty would terminate, if the United States exercised its option to build, 60
years after the sea-level canal was opened but no later than December 31, 2067,
and the canal and all related properties would revert to Panama.

Defense Treaty
The third treaty would establish defense bases in Panama from areas now in the Canal

Zone and would constitute, in effect, a status of forces agreement of the type negotiated
with other countries. Additionally:

I. The United States would provide for the defense, security and continuity of
operation of the existing canal, its related faciliies, and the Canal Area, and of a
sea-level canal if built.

2. Defense bases would be made available for canal defense and related security
purposes.

3. The treaty would terminate 5 years after the lock canal treaty terminated, or
whenever the United States was no longer committed by treaty with Panama to
defend a canal in P.,nama, whichever time came later.

Thcse treaty drafts have not been submitted for ratification by either country.
However, the initial United States commitment to undertake treaty negotiations has
brought about an improvement in United States-Panamanian relations since 1964.
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ALTERNATIVE CANAL SITES IN PANAMA (Figure IV-l)

In his announcement of December, 1964 President Johnson listed four possible canal
routes for investigation: two routes in Panama, one in Colombia and one in Nicaragua-
Costa Rica. However, the routes of the most easily excavated conventionally constructed
canal, and of the shortest nuclear canal, are all located in Panama. After the investigation
began, another route in Panama was added. Routes 14 and 10 are in or near the Canal Zone
and would be excavated by conventional methods. Route 17 is in the Darien Region of
Panama, approximately 100 miles east of the present canal, and would be excavated
primarily by nuclear explosives utilizing conventional excavation for about 20 miles of its
length.

In addition, the Commission has explored two other possibilities. One would be the
construction of a third and larger lane of locks to augment the present canal. The second
is the possibility of a United States-Colombian-Panamanian canal on Route 23.

If a canal were constructed on Routes other than Route 14, there would be engineering
advantages to maintaining the lock canal in standby condition for an indefinite period. This
arrangement has been recommended in Annex V, Study of Engineering Feasibility.

Terminal Lake-Third Lane of Locks
There have been many proposals for increasing the capacity of the present canal. The

most promising are variations of two basic plans: the Third Locks Plan, and the Terminal
Lake Plan. The former was initiated in 1939 and discontinued during World War II after
expenditure of approximately $75 million on excavations for larger locks adjacent to the
existing locks. The new locks would have been 1,200 feet long, 140 feet wide, and 50 feet in
depth over the sills. Such locks would accommodate vessels of up to approximately 110,000
DWT and would increase the canal's capacity to about 35,000 annual transits.

The Terminal Lake Plan would consolidate the Miraflores and Pedro Miguel Locks on
the Pacific side, raising Miraflores Lakes to the level of Gatun Lake. In the process a third
lane of locks would be added on both the Atlantic and Pacific sides. This plan has the
advantage of providing an anchorage area above the Pac*.',c locks which would eliminate
navigational hazards now encountered in that area.

The proponents of the third lane of locks concept believe it has a major political
advantage, namely, that it can be built under the provisions of existing treaties. The
Panamanians oppose this view, although they agreed in a 1939 exchange of notes clarifying
the 1936 Tre, :y that the United States could undertake additional construction-and we, in
fact, did.

The limitations of the third lane of locks solution are significant. A third lane would
provide approximately 8,000 additional annual transits.* At the projected traffic growth
rates., this new capacity ould be exceeded as early as 2000, and additional expansion would
presumably be needed. Tlhe third lane would meet traffic requirements through that year at
the least cost to the United States, but this is its only major advantage in comparison with
the sea-level canal alternatives. Lack of sufficient water from Gatun Lake for additional
locks poses a limitation that can be met by costly pumping of sea water. This solution

*From a baan point of 26,800 annual transits, the maxiimum capability of the present canal.
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would cause Gatun Lake to become brackish. Recirculation of fresh water used in the locks
is another solution, but one which is more costly still.

The third locks solution creates an additional requirement for skilled operating
employees and continues the existing lock canal's inherent need fof a large number of
United States management personnel and technicians, While this can be overcome in time
through internal training and promotion of Panamanians, the rapidly expanding Panamanian
economy would compete for the same skills.

Route 14
Route 14 runs generally along the existing lock canal alignment and lies entirely within

the Canal Zone. Its land cut is 33 miles, and its Atlantic and Pacific approaches, leadilig
from the land cut to water 85 feet in depth, total 21 miles. The estimated construction cost
is $3.0 billion.

The trace of Route 14 is generally east of the existing canal on the Atlantic side of the
Isthmus. Route 14 intersects the existing canal near the southeast end of Gatun Lake. and is
generally west of it from there to the Pacific.

Panama City on the Pacific terminus and the towns of Colon and Cristobal on the
Atlantic terminus are available to support the construction, operation, and maintenance
effort of Route 14.

As an alternative to the trace of Roite 14 through the Continental Divide, a separate
divide cut would be aligned to diverge from Route 14 in the Continental Divide region. The
separate Divide cut would minimize the probability that construction operations would
endanger the stability of the banks of the e-isting canal. Further discussion of Route 14 in
this Annex will refer to this separate Divide cut alignment.

Gatun Lake, which has an area of about 165 square miles, is an integral part of the
existing canal. It is formed by waters impounded by Gatun Dam. Gatun Lake provides water
for the lockage of ships through the existing canal and is also used for hydroelectric power
and municipal water supply.

Gatun Lake would be divided by Route 14 and would require dams to protect against
runoff of the lake into the sea-level canal. After construction, the most economical level for
water in the lake would be at about elevation fifty-five feet, which is twenty-seven feet
below its low level for operation of the existing canal. This would reduce the hydroelectric
supplies available to Panama, but the absence of locks would reduce the operational
requirement for electricity and eliminate the need for lockage water.

There are soveral cornstruction problems of foreign policy interest associated with Route
14. One problem which is uniqve to Route 14 would be interference with canal traffic
during construction. Route 14 would have a period of one to three months when it would

Sbe necessary to draw down from the level of Gatun Lake. This drawdown would permit the
water level in the new canal to seek its final elevation at sea level. Canal closure would be
annuunced well in advance but there would be major inconvenience to wurld shipping
nonetheles-..

The magnitude and corn-osiVion of the construction force requircd for Route 14 also
could have foreign policy implications. During the sixteen year design and construction
period construction personn,, would build up to over seven thousand during the fifth, sixth,
aind seventh years. The construction force would then taper off to about two thousand
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during the fifteenth and sixteenth years. Although considerable use would be made of
Pana, lian labor, a large portion of the construction force would probably be United
Stateb citizens under the employ of United States contractors. The acquisition of real estate
for Route 14 would not be expected to have a large dollar cost since construction would be
on land within the existing Canal Zone.

The operation of a sea-level canal along Route 14 would be considerably sim1elet than
the operation of the existing lock canal. It is estimated that about 2200 canal enployees
would be required, a major portion of whom at least initially would be United States
personnel.

Route 10
Route 10, the Chorrera-Lagarto Route, begins at the village of Lagarto, about fifteen

miles west of Colon on the Atlantic coast. It extends to the southeast across the Trinidad
arm of Gatun Lake and the Continental Divide to its Pacific terminus near the towvn of
Chorrera. Route 10 is generally parallel to the existing lock canal at a distance of about ten
miles from the canal. It intersects the Continental Divide eight miles from the Pacific, where
the elevation is about 430 feet above mean sea-level. The area between the Pacific Ocean
and Gatun Lake is generally rolling country while the area between Gatun Lake and the
Atlantic is lower but quite rugged.

The area traversed by most of Route 10 is relatively undeveloped. The coastal towns stre
accessible by highway but the interior roads are poor.

The overall length of Route 10 is about fifty-three miles, including ocean approaches.
The cost of construction is estimated to be about $2.9 billion. The land cut of Route 10 is a
little longer than Route 14 and greater excavation yardage is involved; however, Route 10
permits the use of less costly excavation methods. A larger range of choice in construction
equipment is possible on Route 10 where there are no construction restraints imposed by
existing structures or canal traffic.

Route 10 generally would avoid Gatun Lake, except for the Trinidad Arm and the
smaller CSno Quebrado Arm. Dams along that portion of Route 10 which traverses Gatun
Lake would be shorter than along Route 14. Construction and operation of Rout( 10 would
not interfere significantly with maintenance of Gatun Lake at its present elevation, and thus
would not affect the hydroelectric supply significantly.

Among the problems of foreign policy interest associated with Route 10 are those of
land acquisition and the possible operation of the present lock canal and a sea-ievel canal as
a single system.

Land acquisition problems for Route 10 would be more extensive than for Route 14.
The acreage of land required for construction, operation and maintenance of a sea-level
canal would not be greater in the case of Route 10 but acquisition would involve land
outside of the Canal Zone at a higher unit cost. The land near La Chorrera is well-developed
farming and grazing area. Canal construction would displace approximately two thousand
Panamanians but would not necessitate the relocation of the town of La Chorrera. Land
acquisition on Route 10 could prove to be a greater problem than on the othe: routes.

A canal on Route 10 would have a lesscr negative economic impact on the cities than
would construction on Route 17 or a canal outside of Panama. Some of the impact of
closing or reducing the use of the existing lock canal would be offset by construction of new
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facilities on Route 10. These facilities would probably employ about 2,200 personnel, the
same number who would be employed on a sea-level canal along Route 14. The net impact
would be a reduction of over two thousand operating and maintenance personnel and a
proportionate decrease of about 4000 supporting personnel compared with the existing
canal. The work force required to construct Route 10 would be comparable to that required
for Route 14.

Operation of a sea-level canal on Route 10 in combination with the lock canal would
allow at least 65,000 transits per year. Conversion of the lock canal to a second sea-level
canal, a possible means of expansion, could be deferred well into the next century. Two
sea-level canals could have a combined capacity of over 100,000 transits per year, a level not
likely to be required for well over a century.

Route 17
The feasibility of nuclear excavation is the key to the feasibility of Route 17. The two

issues interact, since not only does Route 17 mean nuclear excavation-but nuclear
excavation entirely within Panama must mean Route 17.

The roule is located in the Darien isthmus of Panama, where Balboa crossed in 1513.
The route connepts Caledonia Bay, an arm of the Caribbean Sea, and tlre Gulf of San
Miguel on the Pacific Ocean. The Continental Divide is about ten miles from the Atlantic
side of Route 17. Peaks rise well over a thousand feet. A crossing has been located at an
elevation of about 1000 feet. The length is about forty-nine miles of land cut plus almost 30
milcs of ocean approaches.

In the Darien region there is a complete absence of roads or railroads which could be
used to support the construction of a canal along Route ,7. This problem would be
alleviated by construction of the Inter-American Highway through the Darien Gap, a project
now in advanced stages of planning. The principal meant• of transportation Into the interior
hLve been by boat, foot, or aircraft.

The estimated cost of Route 17 is about $3.1 billion, assuming nuclear construction to
be feasible. This includes the cont of excava,'ing about 20 miles by conventional means
because of potential slope stability problems in the area. The cost of conventionao
excavation of the entire route would be prohibitively great, approximately $6 billion.

Lands affected, some privately owned, are largely undeveloped 'at present. There are
squatters living by subsistence farming throughout the area.

Route 17 offers several advantages for construction compared with the other routes in
Panama. These advantages derive primarily from the distance separating Route 17 from the
existing canal. There would be no interference imposed by Route 17 construction on the
traffic in the existing canal. The size of nuclear charges would be limited to preclude
significant damage due to ground shock to built-up areas such as Panama City.

The magnitude of the construction force would be It ss for Route 17 than for Roites 10
and 14. During the 16-year design arid construction period construction personnel would
build up from about one thousand the first yeat to four thousand during the second andi
third years. The construction force would average two thousand personnel during the last
four years of work.

There are construction problems of foreign policy interest associated with Route 17.
Danger to and disruption of lives must be taken into consideration. It would be necessary to
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evacuate inhabitants of the immediate area of the nuclear excavation reaches on Route 17
duing construc'.ion. This exclusion area is ont; of the most primeval and sparsely populated
in Central America. The population within the nuclear exclusion area is estimated at 43,000,
mainly tribal Indians and others living in small settlements or as migrants. Nuclear
excavation would yield a 1 ,000-foot wide channel capable of handling the ].rgest potential
traffic.

Route 23 (Figure IV-2)
On September 14, 1969 there was a Joint declaration by F anamanian Foreign Minister

Nander Pitty ar:. Colombian Foreign Minister Alfonso Lopez Michelsen recognizing a
common interest in a sea-level canal along Route 23, and in other possible routes as well.

Route 23 follows Route 25 along the Atrato River in Colombia about 30 miles. Then it
turns northwest into Panama and enters the Pacific at the Gulf of San Miguel near the
Pacific end of Route 17. Its total length is 146 miles including 27 miles of ocean
a, droaches. The highest elevation encountered is about 450 feet as compared to 930 feet on
Route 25 and 1000 feet on Route 17. The 1947 studies found many technical and cost
disadvantages due to length and excavation volume, and excessive angularity.

Route 23 would contribute greatly to the growth of an isolated and under-developed
area of the country and would be consistent with Colombia's nov-s toward regionalism and
close cooperation with its neighbors.

All Panamanian arguments against excavating a canal far from present population
centers are applicable. Also, Panama would have to share benefits from the canal with still
another country.

DEFENSE CONSIDERATIONS

The dcrfense of a sea-level canal will pose political problems regardless of the country hi
which it I.jht b- located. In Panama the political problem of defending a new canal differs
for each of the three routes being studied. There follows a discussion of the problems of
defense of each route.

Route 14
Defense of Route 14 would probably cause the least problems in the shert rin. The

United States base complex for this route is already in existence, and there would not be the
reaction associated with the initial introduction of a foreign military presence

Over the long run the defense forces for Route 14 have the disadvantage of be,ag very
1nu~n in the Panamanian eye. Major military installations are located in the immediate
vicinity of Panama's two largest urban centers. Panama City and Colon. A., the United States
presence in Panama diminished under the new lock canal treaty, and even more so under a
sea-level canal administration, a continued major United States military presence, so close to
urban centers, could attract criticism.

The loc•l defense troop requirements for a sea-level canal along Route 14 are currently
estimated al somewhat less strength than presently required in the Canai Zone.

1-28



RIC

FIGUR IV-2PANAA-COLMBIABORDE ARE

SCAE N ILSALADO
5~I 04 0 1 0 2 0 3

- -- UA

DIPTH IN FTHOM



Route 10
The considerations which apply to the defense of Route 14 are in general applicable to

Route 10. Defense forces would be approximately the same and could be permanently
stationed in the present Zone base complex. New military construction would be slightly
larger than for Route 14, or in the vicinity of $13 million. It would be necessary to assure
access to the Caral Area. To do this, a minor United States military presence would have to
be established in a new area of Panama. This would probably be mor- troublesome on the
Pacific than the Atlantic side since the Pacific side is a well-developed farming area.

Since the base structure would remain almost completely intact, there would be no
lessening of the problem associated with a large United States presence near the population
centers of Panama City and Colon. There would be some reduction in troop strength needed
for defending the less vulnerable sea-level canal.

Route 10 Operated with the Lock Canal
The defense advantages of a sea-level canal on Route 10 have been discussed above.

These advantages would be somewhat greater in the canal system as envisioned; the present
canal would be usable if the sea-level canal were blocked. Defense of the standby canal
shuuld cause no major additional problems. The existing military bases are already suitably
sited, and the forces planned for the defense of Route 10 could, with acceptable risks,
provide protection for the standby facilities.

Route 17
All but twenty miles of a canal on Route 17 would be constructed with nuclear devices.

This canal would be less vulnerable to attack than any conventionally constructed canal,
primarily because the nuclear canal's greater depth would make it relatively invulnerable to
blockage by the sinking of ships.

Route 17 would require considerably more military construction than either Routes 14
or 10. Estimated cost of construction, including troop facilities, the road net, and high
performance aircraft landing fields is approximately $125 million. The forces required
would be substantially the same as for Routes 14 or 10.

Route 23
The defense of a sea-level canal constructed on Route 23 would raise complicated

questions for the United States, Panama and Colombia. Route 23 would be the most
difficult to defend of all the routes under construction due to its greater and winding length.
Canal defense requirements would thereby be more complex. Military construction costs
would also run higher than for the other routes.

Terminal Lake-Third Lane of Locks
One of the greatest disadvantages of th third lane of locks solution is that it would not

reduce materially the vulnerability of the lock canal to long-term iriterruption by sabotage
or military attack.The inability to transit the United States Navy's aircraft carriers and the
weaknesses of the locks and of the high level lake would remain unchanged.
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ECONOMIC CONSIDERATIONS

Economic Impact of the Canal on Panama
Activities associated with the Panama Canal along with United States military activities

in the Canal Zone have played a major role in the economic development of the Republic.
The Republic itself has a private enterprise economy within a land area about 480 miles
from east to west, which varies in width from 30 to 120 miles. Its population is presently
estimated at 1.4 million, of whom 48% live in towns containing 1,500 inhabitants or more.
This is the smallest population of any independent country in Central America with one of
the lowest population de.isities. About 85% of the population is literate.

The land area of Panama is divided into two almost equal parts by the ten-mile-wide
Canal Zone. Although the Zone is under the jurisdiction of the United States Government,
the Republic of Panama has free transit rights across it without customs or other
restrictions. Almost all of the nonagricultural activity of the country takes place in the
Colon and Panama City areas, adjacent to the Zone. David, the third largest city, is the
center of Panama's principal agricultural and cattle area. The area to the east of the canal
consists primarily of undeveloped swamp, forest, and some farm land.

The Panamanian monetary system is based on the United States dollar to which the
Balboa is pegged at a one to one ratio. The monetary agreement of 1904 between the
United States and Panama provides the basis for the quantity and content of the
Panamanian currency. Although prices and accounts in Panama are stated in Balboas, issue
of the Balboa is limited to the silver Balboa aad subsidiary coins. United States currency
circulates freely and is the principal medium of exchange. Banks hold dollars to satisfy legal
reserve rquirements. Thus, both government expenditures and domestically financed
investment expenditures are closely tied to the amount of foreign exchange available to the
economy. The government is circumscribed in its ability to increase the money supply at its
discretion to finance its own spending, except by borrowing.

Panama is greatly dependent on imported goods and has had a continuing and widening
negative balance of trade. This imbalance has been covered mainly by the inflow of private
capital and by external borrowing. Private investment cannot directly be expanded by
domestic borrowing because the lending ability of banks depends on their dollar position.
However, private investment can be expanded through external borrowing. Thus, the
expansionary effects that government or private investment spending might have are limited
to-and can be summarized by-the amount of external financing that can be obtained.
Dollar availability is, therefore, the crucial factor in the country's economic expansion.

The canal operation and activities associated with it are by far the largest single source
of dollar earnings with the total of net exports of goods and services due to the canal and
United States military activities estimated by the Stanford Research Institute as comprising
66% to 75% of all earnings from the export of goods and services. United States military
activities in the Zone account for 35% to 38% of the combined canal/military total above.
Canal re!ated earnings in turn exert a multiplier effect of between 1.13 and 2.77 on overall
national income levels.

The economic impact of the canal is particularly significant in the Panama City and
Colon metropolitan areas. There, employment for about 22,300 (12.5% of total
employment) is provided directly by the Zone. Since the average wages of most workers in
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the Canal Zone are significantly greater than the wages of the average metropolitan worker,
the incorne of the .ormer plays an even more important role. If th. indirect effect of this
direct foreign exchange input is taken into account, it is estimated that abovt 74% of the
total employment of the metropolitan area would directly and indirectly be due to the
canal.

Tables TV-I and IV-2 provide data on gross payments and income flow directly to the
Republic of Panama from the Canal Zone and on salaries and net income of non-United
States citizen employees of the Canal Zone resident in Panama.

TABLE IV-1

ESTIMATED GROSS PAYMENTS AND INCOME FLOW TO THE
REPUBLIC OF PANAMA FROM THE CANAL ZONE

(1967 and 1968)

(In Thousands of Dollars)

1967 1968
(preliminary)

1. Wages and salaries paid to Panamanian
residents employed in the Canal Zone $ 58,761 $ 65,109

2. Retirement and disability payments to
Panamanian residents 4,479 5,508

3. Direct purchases in Panama by U.S.
Government Agencies 19,402 21,090

a) Goods 13,868 16,235
b) Services 5,534 4,855

4. Purchases of goods in Panama by private
organizations operating in the Canal Zone 11,342 10,000

a) Petroleum products 6,F42 5,000
b) All other goods 4,LJO 5,000

5. Contractors' purchases in Pawama of goods
and services for Canal Zone projects 8,272 11,704

6. Expenditures made in Panama by residents
of the Canal Zone 30,744 33,885

Sub-Total 133,000 147,296

7. Panama Canal Annuity . 1,930 1,930

Total 134,930 149,226

Explanatory Notes

Item No.
1. Gross payrolls, non-U.S. citizen residents of Panama employed in the Canal Zone

by U.S. agencies, contractors, and private organizations (e.g., shipping agents,
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TABLE IV-1 (Cont'd.)
clubs, churches, oil companies, banks, employee associations). Does not include
wages of Panamanian residents employed by private individuals and households;
the latter are included in the estimates given in Item No. 6 below.

2. The sum of disability and relief payments to Panamanians by Panama Canal
Company/Canal Zone Government and retirement checks distributed to Pana-
manians by United States Embassy, Panama.

3. Aggregate amounts of goods and services purchased in Vinama by U.S. agencies
operating in the Canal Zone as reported quarterly by the respective agencies.

4. (a) Figure supplied by Office of Comptroller General of the Government of
Panama.

(b) Estimated on the basis of sample surveys.
5. Estimated on the basis of sample surveys.
6. Expenditures for goods and services purchased in Panama by U.S. and non-U.S.

citizen residents of the Canal Zone including wages paid Panamanian residents
employed in the Canal Zone by private individuals and households. Estimated on
the basis of sample surveys.

TABLE IV-2

SALARIES AND NET INCOME OF NON-U.S. CITIZEN
EMPLOYEES OF THE CANAL ZONE RESIDENT IN PANAMA

(1967 and 1968)

(In Thousands of Dollars)

1967 1968
(preliminary)

Gross Salaries Received From $58,76 $65,109
U.S. Agencies 53,123 58,338
Contractors 2,278 2,991
Private Organizations 3,360 3,780

Leos 7.54 ,.4
Deductions for retirement funds 3,160 3,448
Expenditures for:

a) Hospital Fees 1,158 1,286
b) Transportation and

Service Center Fees (1) 3,222 3,314

Net Income 51,221 57,01

rNOTES:
(1) Expenditures at service centers represent authorized purchases of small articles,

such as meals, candy, chewing gum, tobacco and similar articles.
Data do not include the earnings of non-U.S. citizen employees resident in the
Canal Zone.
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